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ABSTRACT 

The problem undertaken in this thesis is the 

determination as to whether or not it is feasible to 

develop a battalion level stochastic simulation of 

combined arms operations. 

Initially a methodology for application of such 

a model in support of type studies in the area of tac- 

tics, doctrine, organization and material was developed, 

Prom this point of potential application, a set of 

characteristics of the model to enable this application 

was developed.  Chapter II describes the combined arms 

battalion level system and establishes measures of 

effectiveness to both evaluate any model considered or 

developed and for future use in applying the model in 

support of a specific study objective. 

All models known to exist which have potential 

for application in studies of the nature described are 

reviewed in detail in Chapter III. The strengths and 

weaknesses of each model considered are listed for 

future use. The results of this review is the conclu- 

sion that no model currently exists which satisfies the 

requirement for a combined arms "battalion level simula- 

tion.  Several programs do exist however, which success- 

fully model portions of the system. 
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Concluding that no single  model satisfying the 

requirement exists and having a detailed description of 

the battalion level  system in terms of the   functions of 

land combat,  an  executive routine  that should he used 

in a combined arms model  is then developed.    Detailed 

analysis of the  ASARS Battle Model is used  as a vehicle 

to describe the   essential characteristics of this execu- 

tive routine,  and a method of control (Event Sequence - 

Time Constrained)  and level of resolution  is described. 

The executive routine  is  developed through programming 

and demonstration of operability,   to present the type 

and level of detail required for  documentation of such 

a model. 

Using the executive routine developed,  and   in 

consideration of the strengths and weaknesses of the 

relevant models reviewed  earlier,   a conceptual framework 

for model completion is  outlined.     Those areas requiring 

further significant research and  development are identi- 

fied as Target Acquisition and Surveillance, Casualty 

Assessment,  Command and  Control and Dynamic Maneuver. 

In each of these cases,   either the methodology for   satis- 

faction of these needs is presented or reference to 

sources of acceptable existing logic is made. 

It is concluded  that the   development of a 

combined arms stochastic simulation of battalion level 

is within the state of the art.     The bulk  of the work 



required to develop such  a model has already been com- 

pleted and it remains to   integrate these specialized 

efforts.    Considerations  with respect to management   of 

such a study effort are noted and  recommendations for 

implementation are offered. 

It is recommended that: 

1. a 5 year three phase development effort "be 

undertaken. 

2. a project manager with  an office of 10-15 

personnel be dedicated to the project for  its duration. 

3. the priority for use of a CDC 6600 type 

computer be assigned to  the project.     (The   CDC computer 

is specified only because of the number currently in use 

in Army R&-D.    A  larger capacity faster operating computer 

such as a third generation IBM would be preferred although 

a CDC 7600 may be sufficient.) 

k.   contract funds of approximately $500,000 be 

allocated to the program for civilian contracting in 

addition to priority for use of Army resources in accom- 

plishment of the project. 

5.   specific objective  should be assigned to the 

project to guide yet not restrict the development effort. 
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Chapter I 

INTRODUCTION 

The  science of Operations Research/Systems 

Analysis has come of age and proven itself adaptable 

to a variety of problems.     A major  application of this 

scientific approach in the Department of Defense has 

led to the development of  a large number of   computer 

simulations of combat.    There currently exist a large 

number of simulations dealing with various levels of 

organizations ranging from large (Division and above) 

to small  (Platoon and below)  combat units.     The need for 

a battalion level combined arms stochastic simulation, 

to assist the decision-maker in selecting new weapon sys- 

tems for development or the evaluation of organization 

and training options for  implementation,   has been well 

documented.     It should be   emphasized that although battal- 

ion level simulations exist,  none  successfully model the 

full combined force.     Such a model  has not yet been  de- 

veloped.     The feasibility  of developing such a simulation 

will be   investigated by testing the following hypothesis. 

HYPOTHESIS 

The development of integrating logic in the 

1 



form of  an executive routine will permit the application, 

after appropriate modification,  of  a series  of existing 

programs  to create a stochastic  simulation model of the 

Combined Arms Battalion System. 

BACKGROUND 

The term  "battalion" specifies a level of organ- 

ization of two or more company sized maneuver units while 

combined arms describes the integration of various tac- 

tical units of principle  interest  in this study.     Battal- 

ion is defined as a "unit  composed of a headquarters and 

two or more companies or batteries"   while combined  arms 

is defined as  "more than one tactical branch of the  Army 
2 

used together in operations."      For purposes of this study 

effort the element of interest is  that organization which 

can control and  support from two to five major subor- 

dinate maneuver elements   (company  sized).     The subor- 

dinate maneuver unit can be either Infantry or Armor. 

The element of interest will also  be capable of providing 

support   (both combat and  combat service)   from organic 

systems  or controlling the application of this  support 

from external forces.    This support will include but not 

be limited to Artillery,   Tactical Air Force, and Army 

Department of the Army.     AR 310-2 5. Dictionary 
of United States Army Terms.     (June 1972),   p.   82. 

2Ibid,  p.  126 
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Helicopter support. 

Since World War II the field of force develop- 

ment and materiel development in the Army have made 

increasing use of advanced techniques of operations 

research and systems analysis.     With the advent of the 

high speed digital computer the  capacity to  measure   and 

rapidly record factors describing the combat actions  of 

units has provided an opportunity for detailed analysis 

of combat operations.     A  large number of computer simu- 

lation models have been built and exercised   in the area 

of combat analysis.    These models  deal with units ranging 

from the  individual level  and small independent unit up 

to and including Theater Army level operations.     The 

absence   of a model capable of treating combined arms oper- 

ations at the battalion level has been a serious  short- 

coming of this hierarchy  of models.-'    Considerable re- 

sources  have been expended at modeling various aspects of 

the combined arms model but to date the logic necessary 

to integrate these functions has not successfully been 

presented. 

A significant factor contributing to the problem 

of modeling combined arms operations is the  complex   inter- 

action and variability of the functional areas of combat. 

3 
-'Combined Arms in this application describes the 

tactical employment of two or more arms of the Army, eg. 
Tank/Infantry teams and Task/Forces. 



Explicit modeling of all factors interacting in the  com- 

plex environment  of combat must be  accomplished to permit 

the required depth of analysis of the combat action. 

This need for explicit modeling of  the  interaction of 

variable factors   in this complex environment dictates the 

development of a stochastic simulation to approximate the 

randomness as opposed to the fixed rule or relation appli- 

cable to the combat process. 

PURPOSE 

This paper undertakes the  development of the 

detailed methodology and  Investigates the feasibility of 

building a combined arms  stochastic simulation model of 

combat at the battalion task force   level,     This model 

could serve as a critical  analytic  tool for  development 

and evaluation of organization,   equipment,   tactics and 

doctrine  as well  as training requirements of the Army of 

the near, mid and long range time  periods.     Figure 1 

places  the battalion simulation into a conceptual frame- 

work for application.    Force Development has precipitated 

the development  of large   scale war games and simulations, 

normally at division and higher levels,  to   assist in 

arriving at credible organization  options.     To date   the 

utility of higher level gaming/simulation efforts has been 

limited due to an inability to resolve two   sided conflict 

at brigade and battalion  levels in a valid  manner.     This 

is particularly true when the forces under   consideration 
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logically require meaningful integration of  Infantry and 

Armor units with normal support,  to include  aerial sys- 

tems.    Figure 1 describes  a type study that  could be 

undertaken to answer one or more of the questions listed 

under Objectives.     The goal of any  such study could 

reasonably be described as maximization of battalion 

combat effectiveness.       The present state of the art   in 

the field of combat developments provides a means of 

accomplishing each task described  in the referenced 

system with the exception of the battalion level simu- 

lation.     The circles within this block in the figure 

contain  acronyms   for models which have been completed 

(or are  nearing completion such as  the Army  Small Arms 

Requirements Study (ASARS)  battle   simulation) and repre- 

sent unique  contributions  to the endeavor of developing 

a truly   integrated combined arms model.     The purpose of 

this study is to  evaluate each contribution and describe 

a method for their integration.     In this manner the   feas- 

ibility  of developing such a combined arms model will be 

fully investigated. 

The term maximization is  carefully selected for 
use in this context.     Its use recognizes existence of 
constraints.     These constraints could take  the form  of 
funding  limits,   force  levels or policy.    The study tools 
must be  capable  of treating all reasonable   constraints 
as well as evaluating options under broad or non-existing 
constraints. 



METHODOLOGY 

This paragraph presents a methodology which will 

guide the development of a conceptual approach toward 

completion of a combined arms  stochastic  simulation of 

combat at the battalion task force   level.     The term com- 

bined arms in this context refers to the  intentional 

integration of both mounted and dismounted Infantry units 

in conjunction with Armor  units operating under unified 

direction toward  some objectives.     These forces will be 

supported by their normal   complement of systems that  could 

include  but not necessarily be limited to aerial plat- 

form,  artillery,   special electronic equipment,  etc.     The 

development of a broad methodology, at this  point  in time, 

is intentionally  followed  to insure maximum flexibility. 

Objectives 

The following constitutes  a listing of objectives 

to be accomplished in the  course of this study: 

1) Development and presentation of  a methodology 

to guide combat developments toward accom- 

plishment of the stated purpose. 

2) Definition of  the battalion as a combat system 

in terms of the functions of land combat. 

3) Review of existing relevant models,   to include, 

but not limited to, ASARS,  SIAP,   DYNTAC3, 

DYNCOM and DYNTACS-X. 

k)  Development of the executive routine. 
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5) Expansion of the logic outlined in the execu- 

tive routine to provide a detailed plan for 

final expansion and development of the 

desired program. 

6) Specifyi in the form of tasks, the method- 

ology for completion of the computer model 

outlining areas requiring further develop- 

ment, if appropriate. 

Research 

In the course of work in related fields,  thirty- 

two relevant documents have been gathered for this effort. 

To insure that all prior efforts in this field had been 

identified a request for bibliographical search was  sub- 

mitted to the Defense Documentation Center.     Two separate 

search results,  classified and unclassified, were re- 

ceived under Search Control #5^79 and 5680.     Together 

these bibliographies listed in excess of 10O0 reports 

completed within  the last   8 years with classifications up 

to and including  secret restricted  data.     Review of  these 

bibliographies has identified reports  of relevance to the 

subject  area which have been used and added  to the biblio- 

graphy.     Although this  large number of references would 

seem to  provide adequate sources for research it must be 

recognized that critical connecting logic between various 

aspects   of this problem do not exist and had to be devel- 

oped in  this study, 



Organization of Report 

This thesis is organized into 6 chapters which 

sequentially accomplish the objectives specified above, 

Chapter  II first  describes the battalion system in terms 

of the functions  of land combat and then concludes with 

the development of minimum essential measures of effec- 

tiveness  and their application in this study effort. 

Chapter  III reviews existing models to identify and 

select appropriate subroutines for  further use.     Chapter 

IV describes the  development of the executive routine 

through  discussion of system control,  three   phased 

development of the routine and demonstrated   operation of 

the routine.     Chapter V details the modifications to 

existing programs or those which must be developed to 

permit completion of the program.     Chapter VI presents 

the conclusions and recommendations of the  study. 

SUMMARY 

An exhaustive  justification of the  development of 

the  combined arms model has not been undertaken in this 

study.     The role  that such a model  could play in research 

and development has been presented  in Figure 1.     The 

hypothesis has been carefully framed to permit the devel- 

opment and evaluation of  a conceptual modeling approach. 

This chapter defines the  system of  interest,  outlines 

the tasks and methodology to be applied,  and concludes 
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with an outline of the report. 



Chapter II 

THE BATTALION SYSTEM AND MEASURES 
OF EFFECTIVENESS 

GENERAL 

Although  the term   "battalion" defined in Chapter 

I is broad enough to  include all organizations of  inter- 

est,  it   is necessary to describe more precisely this 

complex  system in terms of its basic components.     This 

detailed  specification is  mandatory if the model to be 

built will have the flexibility desired for  the broad 

range of applications outlined in Chapter I.     The pursuit 

of the detailed description must be undertaken with con- 

sideration of the  intended application of the model, 

specifically the  requirement that data from  exercise  of 

the model produce measures of effectiveness   of the unit 

under investigation.     This chapter  first develops a 

detailed description of the battalion system in terms of 

the functions of  land combat and then reviews and estab- 

lishes tentative  measures  of effectiveness.     These mea- 

sures of effectiveness will be those considered minimum 

essential for this study to be used as periodic checks 

during the model  development to  insure that  the required 

level of resolution is being achieved, 

11 



12 

THE BATTALION SYSTEM DEFINITION 

Description of the "battalion system  defined  in 

Chapter  I can "be  approached irrespective of   any specific 

combat arm branch   (eg.   Infantry, Armor,  etc).    Regard- 

less of "branch,  the command and control functions of  the 

battalion are the  same.    The manner in which a particular 

type battalion pursues  its objective leads to different 

tables of organization and equipment and indeed often 

dictates  task organization by the tactical commander. 

This combined arms model must be capable  of   simulating 

any task organization.    To accomplish this modeling 

effort it is necessary to  describe   the battalion in terms 

of the functions  of land combat  in  such a manner as  to 

make the description independent of any particular combat 

arms branch. 

Functions of Land Combat 

The five  functions of land  combat through which 

organizations of  interest  accomplish their purpose are 

specified in FM 1O0-5.1    Explicit modeling of the func- 

tions of land combat can permit the model's   application 

to a wide range of problems.    Each of these  functions is 

first defined by extracts  from AR  310-5 and then its 

Department of the Army.    FM 100-5.   Operations 
of Army  Forces in The Field.     (September 1968)  para  803; 
p.   801 
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specific  application to this study   is described. 

Intelligence.     "The product resulting from the 

collection,  evaluation,  analysis,   integration and inter- 

pretation of all  available information which concerns one 

or more   aspects of foreign nations   or of areas of  opera- 

tions and which is immediately or potentially significant 
2 

to military planning and operations."      For   application in 

this modeling effort the preceding  definition must be ex- 

panded to include an explicit noting that target acqui- 

sition (consisting of detection,  identification and  local- 

ization)   is a critical subelement within the broader  ele- 

ment of  collection. 

Mobility.     "A quality or capability  of military 

forces which permits them to move  from place to place 

while retaining the ability to fulfill their primary 

mission. nJ    There is no need to expand on this definition. 

Firepower.     "The   amount of  fire which may be  de- 

livered  by a position,  unit or weapon system."      No  ex- 

pansion  on this  definition is required. 

Command,   control  and communications.    This func- 

2 
Department of the Army.     AR 310-25« Dictionary 

of United States Army Terms.     (June 1972),   p.  277. 
3Ibid.,  p. 337. 

^Ibid.,   p.  221. 
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tion is not defined in  its complete form.     The first  por- 

tion,  Command and Control,   is defined as   "the exercise 

of authority and  direction by a properly designated 

commander over assigned forces in accomplishment of his 

mission."^    Although implied in the definition,   the term 

Command  and Control specifically includes integration of 

the efforts at accomplishing the other functions.     Com- 

munications,  defined as "a method or means of conveying 

information of any kind from one person or place to an- 

other,  except by  direct unassisted  conversation or corre- 

spondence through nonmilitary postal agencies"    requires 

expansion.    For purposes of this study,  communications 

must  include all  transfer   of information by  any means. 

Combat service  support.     Defined as   "the assis- 

tance provided operating forces primarily in the fields 

of administrative  services, chaplain services,   civil 
7 

affairs,   finance,  legal services,   health services,  etc.."• 

this term will be applied  in its broadest sense and   in- 

cludes all necessary administrative support. 

The battalion system.     This system accomplishes 

its purpose through application of the functions  of  land 

5Ibid., p. 127. 
6Ibid., p. 132. 
7Ibid.,  p.  125. 
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combat.     This relationship is shown in Figure 2.    This 

figure depicts the battalion system as consisting of  four 

subsystems!   Intelligence,   Operations,  (to include Fire- 

power and Mobility) Combat Service   Support and the inte- 

grating Command and Control system.    The  subsystems  are 

interconnected by Communications.     The modeling approach 

for the  combined arms model will concentrate on each   of 

these subsystems  as they accomplish their purposes through 

the application of those relevant functions   of land  com- 

bat previously defined.    The Command and Control or   inte- 

grating  subsystem is the executive  routine or nerve  cen- 

ter of the combined arms model. 

MEASURES  0? EFFECTIVENESS 

General 

At this point in the study  it is necessary to 

"step back"  and identify the overall purposes to be   served 

by the model.     Such an undertaking  is required to enable 

the specification of essential information to be used in 

subsequent analysis and for the program's development. 

The conceptual application of the  study to address the 

objectives characterized  in Figure   1 of Chapter I will 

require   the capability that the analyst be  able to eval- 

uate or measure the effectiveness  of the unit as a whole 

while retaining the capability of evaluating the contri- 

bution of at least its major component parts.    This 

approach is feasible  if the system  is defined and viewed 
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Figure 2 

The Battalion System 8 

Major Joseph F.  Paone,   "Computerized Automation 
and The Combat Leader," Infantry.   (May-June 1972),  52-5^. 
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through the functions of land combat previously des- 

cribed.     The developer must exercise restraint in devel- 

opment of these measures as the temptation is ever pres- 

ent to develop large numbers of very specific measures, 

to the detriment of the overall program by creating an 

unmanageable myriad of detail.    The  measures   subsequently 

developed must contribute toward evaluation of component 

effectiveness while not detracting from the  overall use- 

fulness of the program.     Such an evaluation at this point 

in time will necessarily be  judgmental but upon completion 

and application of the model,  can be evaluated statis- 

tically to insure  that each measure   is carrying a load 

worthy of the effort required  in satisfying the data 

requirement of each. 

In the course  of development of measures of 

effectiveness  (WOE)  it must be recognized that the system 

and measures of effectiveness of the system are neces- 

sarily interactive.    Due to the nature of the system under 

investigation the  interactive nature of the measures   can- 

not be totally avoided.    Measures must be developed in a 

manner that will minimize major interaction.     The primary 

measures   subsequently developed will comply to this de- 

sign.     It should be recognized however,  that   supplementary 

MOE to permit discrimination which  exists only in areas 

displaying interaction may necessarily have  to be devel- 

oped and used. 

A point that is often discussed at great length 
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by model  developers is which specific measures of effec- 

tiveness  should be finally  selected.    The terra "minimum 

essential" has been used earlier in  this chapter and  the 

rationale for development of the measures at  this point 

in time has been specified.    These measures should not be 

viewed however as  final.    A large (relatively speaking) 

number of measures will be   developed and considered the 

minimum essential for purposes of guiding the program 

design.     They will be selected in such a manner as to 

enable expansion (if dictated for some specific objec- 

tive)  or reduction subsequent to  some statistical eval- 

uation.     In general the application  of these  measures 

will be as shown in Figure   3, 

The analyst should   insure that the larger his- 

tory of the battle  set includes all  the data  that would 

possibly be required for MOE satisfaction.     The  specifi- 

cation of MOE at this point in time  are considered those 

that are most demanding in terms of  simulation develop- 

ment.    The remainder of this chapter develops the re- 

quired MOE for each function. 

Intelligence 

The function of  intelligence was defined earlier 

as the product resulting from the collection,  evaluation, 

analysis,   integration and  interpretation of  information 

which concerns one or more  aspects of foreign nations  or 

of areas  of operations and which is   immediately or poten- 
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tially significant to military planning and operations. 

Prior to  the development of any potential measures of 

this function the   operation and interaction of the  ele- 

ments of   intelligence must  be described.     Figure ^de- 

picts this interaction which results in the product of 

combat intelligence.    As described in FM 30-5 this combat 

intelligence  is applied  "to minimize uncertainty concern- 

ing the effects "°  of the factors shown in the accomplish- 

ment of the mission.    The realization of this reduction 

in uncertainty is   the object of any measurement of the 

effectiveness of the  intelligence function.     The term 

uncertainty as applied in this study must be   constrained 

to some lack of information from the total information 

that is available,  and does not include subjective feel- 

ings on the part of the decision-maker.        Within these 

constraints an immediate relevant measure will be  one  that 

relates enemy information known or  assumed,   to that avail- 

able.     This measure will be called   "intelligence compre- 

hensiveness  (completeness) " defined as the ratio of known 

information to total available.     To permit discrimination 

between input variations in the form of systems or doc- 

trine/procedures  this measure must be related to time. 

^Department of the Army.     FK 30-5.   Combat 
Intelligence,   (February 1971) t p.  2-1. 

10 For the role of subjective feelings in the 
decision-making process see: Howard Raiffa, Decision 
Analysis (Massachusetts« Addison-Wesley, July 1970), 
pp.   104-105. 
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This  is an evaluation in recognition that accurate  and 

timely intelligence reduces uncertainty. 

There are numerous  points within the  processing 

procedure described in Figure 4 at which measures could 

he applied for a specific purpose.     In recent years,   con- 

siderable  effort has been directed toward the internal 

element of collection,  specifically  acquisition.    This 

action has been prompted by the host of Surveillance, 

Target Acquisition and Night Observation (STANO)   devices 

entering the  inventory.    An increasing degree of interest 

is now being turned toward  the  internal analysis opera- 

tions  in  current development efforts in support of the 

Tactical Operations System   (TOS)  and Integrated Battle- 

field Control System (IBCS).    As appropriate,  and as 

needed,  additional measures contributing to the overall 

accuracy or timeliness can be added. 

Combat Service Sup-port 

This functional area permits the capability of 

introducing an extremely large number of measures of 

effectiveness.    Within the   constraint of overall evalua- 

tion however,   this function affects  unit combat effec- 

tiveness  in terms  of whether it can  support the intended 

operation or must restrict   its prosecution.     Each of the 

internal  elements  of this functional area can be eval- 

uated in this same manner or the resolution can be re- 
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tained at   its highest level.    To  satisfy the   need in this 

functional area,  a record of the number of times that 

optimum logic for actual combat operations (the best 

possible)   has been restricted due to a shortage of  some 

supply by  class will be recorded.    This measure of  effec- 

tiveness will be called  "measures of supply shortages." 

Explicit modeling of the medical evacuation and trans- 

portation within the battalion must  be carefully evaluated 

to determine if the anticipated capability to address 

these  functions are worth the  expansion required. 

Mobility 

This function has "been defined as the ability of 

a force to move from place  to place  while retaining the 

ability to fulfill its primary mission.    Measurement   of 

this function is simple,  on the surface,     Insight into 

the contribution of this function to unit effectiveness 

can be gained by a measure  of the unit's  "rate of closure" 

defined as the time required for the attacker to close 

on the defending force's position and terminate the 

engagement.     This  measure however,   only partially covers 

the contribution made by mobility.     For example,  a force 

having a relatively higher  capability of mobility than 

his opposition is  offered a wider variety of  courses 

of action from which to  select,  essentially greater flex- 

ibility.     To properly assess this property of a unit   it. 
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like combat service support,  can be   evaluated as  a con- 

straint,     "Mobility restriction of action," defined as 

the number of times that a course of action was restric- 

ted due to lack of mobility, will also be used to more 

fully measure this function. 

Firepower 

The measures necessary to evaluate this func- 

tional area are relatively common and have been subjected 

to intensive investigation.    A convenient compendium of 

this research effort is provided by a coordination draft 

published  29 February 1972  by Combat Developments Command 

Infantry Agency entitled WOE for Use  in ASARS II  and by 

the later publication in August 1972 of the final MOB   for 

Use in ASARS II.     These references provide a convenient 

review of the pertinent literature through 1972 and,   as 

such,   will serve as a point of departure.     The thirteen 

primary M02 selected for use in the  ASARS  study reflect 
11 the detailed resolution required for that  study. 

Although  it would be desirable to retain the   same level 

of resolution,   such an endeavor with our organization of 

interest would require an exhorbitant size of computer 

storage capacity or an extensive and time consuming 

11 
U.S. Army Combat Developments Command Infantry 

Agency.  MOE for Use in ASARS II. August 1972.  (Fort 
Benning, Georgiai 1972), Incl. 4, pp. 4-1 to 4-5. 
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overlay technique.     The resolution of this model can 

reasonably be lower,  dealing with Infantry organizations 

of about  squad size,  tanks,   artillery pieces   and aerial 

platforms  as opposed to the  individual resolution of the 

ASARS II program.     In evaluation of  battalion systems, 

time and  space and their associated measures   take on 

increased  importance over that associated with small unit 

and individual levels.     In  application of these measures 

it will be necessary that the analyst recognize the Inter- 

action of  firepower with the other functions   of the entire 

system.     Prior to  the  employment of   some fire system, 

target  information will have to be processed  by the intel- 

ligence subsystem and possibly communicated to the firing 

unit.     Effectiveness measurement of  the firepower func- 

tion must be restricted to   the delivery of fire and the 

effects of this delivery.     The following factors offer 

such a measurement: 

1. Number  of rounds, by class,  to first hit. 

2. Number   of hits per engagement. 

3. Number   of different targets hit. 

k.  Opening: engagement range. 

5. Range at which first hit   occurred. 

6. Blue casualties. 

?. Red casualties. 

8. Blue casualty rate. 

9. Red casualty rate. 
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10. Percent of time that blue maintained fire 

superiority. 

11. Red suppression of blue   in Observation, 

Movement and Fire  (OM &  F). 

12. Blue suppression of red  in Observation, 

Movement and Fire (OM & F). 

Command,   Control and 
Communications 

Although treated as a single function, communi- 

cations can be measured as  a component separate from 

command and control.    Communications has been defined as 

the transfer of all information.    This transfer of infor- 

mation can take place over  the conventional radio and 

wire means but must also provide for that communications 

(informative)  acquired visually.    A decision-maker should 

be expected to acquire  information through his own senses, 

within their limits, particularly if the more sophisti- 

cated systems are  not responsive to  his needs.    In the 

preceding eases of radio and wire,  accuracy and speed are 

the two most relevant measures of the communications   sys- 

tems'  effectiveness.    Accuracy can "be measured explicitly 

in the act of transmission.    The true meaning of accuracy 

has greater relevance toward the decision-making process 

than communications.    To preclude a redundant measure  of 

accuracy,  this variable will be assessed in the command 

and control area.     Speed of transmission is a measure 
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that should be undertaken for this functional element. 

The time to be measured is that average of time required 

by type transmission (enemy,  status of own forces and 

tactical)   from the  time that the decision is made to 

transfer the information until the time at which the 

information transfer has been completed. 

In the area of command and control attention is 

immediately directed to the process  of decision-making. 

The decision-making process  of interest in this study   can 

more specifically be described as decision-making under 

conditions of uncertainty.     The uncertainty is introduced 

by real-world constraints which recognize that decisions 

are made under conditions of varying degrees  of imperfect 

information due primarily to constraints of time.     Indeed, 

all the functions previously discussed contribute to the 

decision-making process.    Howard Raiffa of Harvard Uni- 

versity lists five  steps to "roughly" describe this 
12 decision-making process. 

1. List of viable alternatives. 

2. List events that may occur. 

3. Arrange  in chronological order the information 

you may acquire   and the choices you may make 

as time goes on. 

4. Decide  how well you like  the consequences that 

12Raiffa,   op.  cit. ,  pp.   ix-x. 
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result from the various courses  of  action. 

5.   Judge what the chances are that any partic- 

ular uncertain event may occur. 

This decision-making process  can be portrayed   as 

shown in Figure  5« 

This examination of the decision process recog- 

nizes that virtually all decisions of interest in this 

certainty  is either a function of requirement for a de- 

cision prior to the availability of  additional informa- 

tion or due to  inaccurate or outdated information being 

applied in the decision-making.     An  appropriate measure 

of this uncertainty called  "risk" is defined   as the ratio 

of known to actual  information, where total information 

is unity  and no information is zero.     Provisions for a 

negative  sense must be included to provide for incorrect 

information. 

The second major factor in Command and Control is 

that of span of control.     It is recognized that any com- 

mander,  like an executive in business,  decreases in his 

efficiency and effectiveness in the   decision-making pro- 

cess as his span of control exceeds   some point.    The  de- 

velopment of detailed measures to evaluate span of  con- 

trol,   or  to assess the point at which effectiveness begins 

to drop off in the  decision-making process,   is beyond  the 
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scope of -this study.    For purposes of this  effort it is 

sufficient to acknowledge that some point  of reduced 

efficiency does  in  fact exist.    As the number  and com- 

plexity of subordinates reporting to  the decision-maker 

increase the volume of data presented to the   decision- 

maker will increase.    It remains for  the decision-maker 

to convert the data into  information needed for the 

decision process.     It could be expected that  a decrease 

in effectiveness would result in higher risk  than that 

experienced under a decreased span of control.    It  is 

suggested  that  "risk" in conjunction with time are  appro- 

priate measures of  command  and control effectiveness. 

Both of these measures are   ordinal in nature   in that they 

are useful only when compared to  some previously derived 

value.     The analyst can infer effectiveness for example 

when noting that some decision was made sooner or with 

relatively less risk than under some other circumstances. 

The capabilities and limitations  of  the commander and  his 

organization can be enhanced or overcome through the 

application of  standard procedures,   staffs,  or sophisti- 

cated,  new equipment.    These aids normally attempt to 

reduce either risk or time   in the decision-making process. 

"Time," to be measured in this case,   is that   time from the 

point that the requirement  for a decision to  be rendered 

is identified to that point at which the decision is 

made. 
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SUMMARY 

This chapter has  defined the   battalion system  and 

the functions of land combat in detail to   facilitate their 

future use in the  course  of model development.    Drawing 

attention to the danger due   to the interactive nature   of 

MOE,  a listing by functional area was developed to  serve 

as a preliminary screen during the course of model devel- 

opment.    These MOE will be  applied to insure the required 

level of resolution is achieved.     In the interest of con- 

trolling the eventual size  of the  simulation,   combat ser- 

vice support has been treated as  a constraint  on the abil- 

ity of the unit to  apply force on the battlefield,     The 

results of this narrowing of scope has been a far greater 

number of  firepower related measures  than the apparently 

single measure of  combat service  support.     This  is rea- 

sonable when it is realized that the  other functions  im- 

pact on the capability of the force   to develop and  apply 

firepower.    The measures selected are listed  by functional 

area below: 

1. Intelligence: 

a.  Comprehensiveness at preselected points  of 

analysis. 

2. Combat service support: 

a.  Measures of supply  shortages. 

3. Mobility« 

a.  Rate of closure. 
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b.  Mobility restriction of action. 

b.   firepoweri 

a. Number of rounds,  by class,  to  first hit. 

b. Number of hits per engagement. 

c. Number of different targets hit. 

d. Opening engagement range. 

e. Range at which first hit occurred. 

f. Blue   casualties. 

g. Red casualties. 

h.  Blue  casualty rate. 

i.   Red casualty rate. 

3.  Percent of time that Blue maintained fire 

superiority, 

k.  Red suppression of Blue in OK & F. 

1.   Blue   suppression of Red in OV Sc F. 

5.   Command,   control and communications! 

a. Time  for transfer of information by type. 

b. Risk. 

c. Time   in decision-making. 



Chapter  III 

REVIEW OF EXISTING MODELS 

GENERAL 

As stated earlier,  the need for a battalion level 

stochastic simulation of combined arms combat  is well 

documented and pursuit of this point  further   in this 

study will not be undertaken.    The first major documented 

effort in the development of such a model was undertaken 

in September 1967 by the Combined Arms Research Office 

(CARO)   of  Booz Allen Applied Research Inc.   under contract 

to U.S.  Army Combat Developments Command.     The final 

report covering this effort  included a comprehensive re- 

view of models in the Department of Defense and identi- 

fied those holding potential for application as combined 

arms models.       Of the 106 simulations reviewed at that 
2 

time,  seven were selected for closer  evaluation.       The 

results of the CARO analyses have been reviewed and are 

considered valid and further detailed analysis of the 

seven relevant models will not be undertaken  in this 

U.S. Army  Combat Developments Command.  Combat 
Arms Model.     Completed under contract by Booz  Allen 
Applied Research,   Inc.   (Fort Leavenworth,   Kansas: 
31 May 1968) 

2Ibid.,  p.   19. 
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study.     The conclusions drawn by CARO with respect to the 

programs of interest will be used as  a point of departure. 

Relevant points of  evaluation of the   seven models will be 

stated and  a more detailed review of  the development of 

programs subsequent to the May 68 report will  be under- 

taken.    In November 1970, The Institute of Combined Arms 

and Support Research Office   (ICASRO)   submitted a pro- 

posal to the U.S. Army Combat Developments Command,  Com- 

bat Arms Group,    to develop  a program which would permit 

a "rapid response capability to evaluate quantitatively 

cost effectiveness  and cost/performance trade-offs. " 

This later proposal suggested the use of the Night Vision 

Combat Simulation (developed for the  Electronic Command 

of AMC)   as  a base to accept  selected portions  of other 

models  in  approximating the major factors present in 

battalion level combat.     Neither of  these previously 

referenced efforts  have successfully been followed through 

to completion but do contribute to this effort by eval- 

uating programs and presenting alternative concepts. 

The remainder of this chapter will review pro- 

grams considered relevant to the study effort and draw 

general conclusions resultant from this review with 

-^Booz Allen Applied Research Inc.   Institute of 
Combined Arms and Support Research Office.    Proposal: 
Combined Arms Battalion Level Evaluation (CABLE)   (Kansas 
City» Missouris  17 November 1970) 

Ibid.,  pp.  1-2. 
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respect to  the overall modeling approach as well as poten- 

tial use of these programs in development of the combined 

arms "battalion system model, 

REVIEW   0? SELECTED PROGRAMS 

CARMONETTE 

Computerized Monte Carlo mathematical   simulation 

of ground  combat. 

Background.    The CARMONETTE model was  first devel- 

oped by the Operations Research Office of Johns Hopkins 

University.    One of its earlier uses  was in support of  a 

1962 study to evaluate the effectiveness of helicopter- 

borne antitank systems.     Original work on the  program 

can be traced back  to the Los Alamos   Scientific Labora- 

tory in World War II and as   such is  considered the origin 

of ground  combat simulations.      Since its development   the 

CARMONETTE model has been used in several major studies 

and most of them have necessitated major revision to "the 

original model.    The first  fully documented model is 

named CARMONETTE III.    The roman numeral III  was assigned 

^Research Analysis  Corporation,     CARMONETTE III 
Documentation Volume I General Description.   (McLean, 
Virginia*   1967)   p.   3.     "The Monte Carlo mathematical 
simulation derives  its name  from the  Casino at Monte 
Carlo.    An earlier proposed  simulation of ground combat 
was given the acronym CARMON, an inversion of the first 
syllables  of the words Monte Carlo.     The diminutive of 
CARMON -  CARMONETTE -  is the name of a much-reduced 
version of the original concept produced to avoid ex- 
ceeding the capacity of current computers." 
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simply because of two earlier identifiable stages of de- 

velopment.6    A major application of CARMONETTE III was 

its support of the  Small Arms Weapons Systems   (SAWS) 

Study completed by  the Infantry Agency of Combat Devel- 

opments Command in  I965.     CARMONETTE  IV modified earlier 

versions "to incorporate night vision devices and to in- 

clude communications.    CARMONETTE V covered the further 

modifications to incorporate special requirements for  "the 

Equal Cost Firepower Study.       In addition to the numbered 

versions described there were several intermediate alpha 

numeric versions,  the most noteworthy of which was the 

Small Infantry Unit Simulation (SINUS).    The  SINUS pro- 

gram could be designated CARMONETTE  IVA and was developed 

for application in the Infantry Rifle Unit Study  (TRUS) 

completed  in 1969 "by the Infantry Agency of Combat Devel- 

opments Command.     The SINUS  version of CARMONETTE incor- 

porated logic for the treatment of the dual purpose 

weapon,  ie.  rifle/grenade launcher. 

Strengths.     Perhaps  the greatest strength of 

CARMONETTE is its  survivability as evidenced by its 

seniority and the wide variety and number of programs   its 

exercise has supported.     Over the years the program has 

6Ibid., p. k. 

^Research Analysis Corporation. CARMONETTE IV 
and CARMONETTE V. Coordination Draft (McLean, Virginia« 
11 November 1971) 
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been modified to the point that it now treats,  with vary- 

ing degrees of completeness,  most of  the factors of 

significance on the battlefield.    Limited documentation 

tracing the development of the model   is available and a 

user is capable,  given adequate time,  to piece the logic 

of its development  together. 

Weaknesses.    Although "length of service" has 

been listed as a strength it must also be considered a 

weakness.     Due to constraints of technology at the time 

of original development,   several drawbacks of  the main 

program remain although newer generations of computers 

and related software development have overcome these tech- 

nological  constraints.     Of particular importance to this 

effort is the treatment of terrain and need for detailed 

rules of engagement.    Terrain is represented by squares 

which have  assigned to them  indices describing most of 

the military significant aspects.      The drawback is the re- 

quirement that the  entire square exhibit characteristics 

represented by the   indices.     The assumption here  is that 

the military aspects of the   terrain are homogeneous with- 

in the  square.     Although the dimensions of the square   can 

be varied a further constraint requiring that  the grid 

square be  large  enough to contain the maximum   sized unit 

of resolution being simulated restricts the use of this 

8CARN!ONETTE III,   op.   cit.,  p.   7. 
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9 option to overcome the  gross terrain approximation.      The 

existing CARMONETTE programs  also require  that   "the sce- 

nario.. .completely describe all the terrain...and  contain 

explicit orders describing the desired behavior of each 

unit for the entire period to be  simulated."        It is not 

considered reasonable to constrain the user by requiring 

that he dictate actions to be taken by opponents on the 

battlefield.     These decisions are situation dependent and 

must he made based upon the then current  state  of  knowl- 

edge   if these  decisions themselves are to be subject to 

analysis. 

The Individual Unit Action 
Model  (IUÄ7 

Background.     The IUA model is an outgrowth of the 

Small  Unit Action (SUA)   model developed by the  Lockheed 

Missile and Space Company under  contract  to the Armor 

Agency of Combat Developments Command  in  1965-66.     In its 

early stages of development the  SUA model was competing 

with  the more   complex DYNTACS model under development by 

Ohio  State University.     DYNTACS  pursued a more   detailed 

and time consuming modeling approach while SUA offered a 

usable model earlier which led to its selection for use  in 

9Ibid., p.  7. 
10Ibid.f p.   8. 
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-the first Tank, Antitank, Assault Weapons Study, (TATAWS). 

The SUA model was built for and used on the Combat Devel- 

opments Command computer at Port Leavenworth, Kansas.    As 

mentioned, Booz Allen had been operating a Combat Arms 

Research Office under a contract of general support to 

Combat Developments Command with offices at Fort Leaven- 

worth and several agencies of CDC.    Due to this close 

affiliation, Booz Allen began work with the SUA model 

early in its developmental stages and made it operational 

for the CDC community.     CARO subsequently modified it to 

suit  specific needs and made major modifications to the 

program for use in TATA WS III and the Anti Tank Mix 

(ATMIX)   studies.    This   latter version of  the SUA was re- 

named the Individual Unit Action (IUA) model.    Although 

the SUA/IUA model was originally accepted as a short term 

choice over DYNTACS,  the familiarity of the CDC commun- 

ity,   and particularly the computer support personnel, 

with  the IUA has led to its extensive use  in deference 

to DYNTACS.     Based on the data generated by earlier runs 

of the program in support primarily of ATMIX, Dr.   Seth 

Bonder,  of the University of Michigan, developed a deter- 

ministic approximation of the IUA which has been named 

the Bonder IUA.    This latest development has permitted 

the major characteristics of the program to be quickly 

applied in generating quick and economical answers to 

gross questions with respect to tank and anti-tank sys- 

tems. 



Strengths.     Like CARNiONETTE one of the major 

strengths of the IUA program is  its acceptability.     As a 

battalion level tank/antitank simulation,   the IUA model 

is a good first approximation of this type of combat in 

a restricted environment,    The program is  operational, 

there  are personnel experienced  in the model use on hand 

and a  screening model in the form of the Bonder IUA 

exists. 

Weaknesses.     The major weaknesses of this  model 

are similar to those in CARMONETTE and are found in the 

manner of treatment of  the environment and rigid deci- 

sion rules.     In the early development of  the SUA model, 

assumptions were made to facilitate speedy development 

which now constitute restrictions in the model.    Detailed 

aspects of terrain and weather axe not explicitly  modeled, 

The convenience grouping of dismounted systems as  well as 

the stationary firing of tank systems are highly restric- 

tive.     This model should not be  underestimated however, 

when it is understood that it served its purpose well and 

that in so doing has permitted the careful development of 

the DYNTACS family of models.     One further significant 

drawback is the lack of detailed documentation of  the IUA 

program. 

FILTER and Brigade Level FILTER 

Both of these models are deterministic and are 



useful only where quick approximations of conflict out- 

come at company and brigade levels respectively, are 

required.    Normally these results will be  input to some 

higher level model or game.     Due  to the deterministic 

nature of these models  detailed  evaluation of many of the 

internal functions of a battalion cannot be undertaken. 

These  two models are not considered further. 

The Model for Assessment of 
Combat Effectiveness   (MACE) 

Like the FILTER models,   MACE is deterministic and 
12 

lacks the ability for internal evaluation as requxred, 

MACE was developed as a quick fix to satisfy a need in 

1956 while MAFIA continued development.     It is not con- 

sidered further. 

Maneuver and Firepower 
Analysis  (MAFIA IV) 

Background.     T4AFIA IV is primarily a deterministic 

model built by Combat Developments Command Institute of 

Advanced Studies.    Work on the model began in I965 and a 

final report of the MAFIA IV version was  presented in 

1967.     The MAFIA IV model has not been exercised in sup- 

port   of any specific study although at least portions of 

this  effort to model division/brigade  combat have  been 

Combat Arms Model,   op.   eit., p.   C-5. 
12Ibid.t p.   C-ll. 



used by the Institute of Advanced Studies. 

Strengths.     MAFIA IV is  described by its devel- 

opers  as a "first generation model." J    This model pre- 

sents  a reasonable expected value approach to modeling 

of maneuver,  firepower and command and control.    The mea- 

sures  of effectiveness grouping of (1)  rate and direction 

of movement,   (2) enemy resources destroyed and (3)   re- 

sources consumed to accomplish (1) and (2), promise the 

capability of using MAFIA IV,   or   its successor,   as  a 

check during the development of  this combined arms model. 

Weaknesses.     In addition to the deterministic 

aspect of this model, communications,  intelligence and 

combat service  support are not explicitly modeled.     The 

treatment of the critical aspect of terrain is at  best 

gross. 

Dynamic Tactics Simulator 
(DYNTACSf 

Background.     The DYNTACS  effort traces  its  origin 

to 1953 when Ohio State University initiated a technical 

research and development program with the Armor School. 

^U.S.   Army Combat Developments Command Institute 
of Advanced Studies.    Maneuver and Firepower Analysis 
Model  - MAFIA  IV - Part I - User's Manual.     (Carlisle 
Barracks,  Pennsylvania»  1967)  p.   3 of letter of trans- 
mittal. 

I*, Ibid. , p.   1-2. 
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The first major contribution to the DYNTACS model as it 

is currently known was made with  the publication of the 

1966 Annual Progress Report.   *    This volume reported the 

progress achieved in definition of the tank system and 

presented a general description of the conceptual DYNTACS 

model.     The completed DYNTACS model was presented  in 1969« 

six years after its official initiation.16   This first in 

the family of DYNTACS models is  described  in Figure 6. 

An important lesson in military model building can he 

learned from this early development effort.    Earlier pro- 

grams  did not  incorporate explicit modeling of communica- 

tions.     It was  learned  in the course of development that 

this lack of explicit modeling biased the model in favor 

of the defender to the point that it completely reversed 

the reasonably  expected outcome   of the engagement.     The 

lesson here is that the  interaction of the functions in 

the combat environment can cause  some significant   influ- 

ences  on the outcome of a battle that may not be readily 

apparent. 

The DYNTACS model presented the research and 

development community with a highly sophisticated 

1 ^Daniel Rowland and Gordon M.   Clark.     The Tank 
Weapon System.     Systems Research Group, The Ohio State 
University.     (Columbus,   Ohio«  June 1966) 

1 Albert B.   Bishop and Gordon M.   Clark.    The 
Tank Weapon System.    Systems Research Group, The Ohio 
State  University.     (Columbus,  Ohio»   1969)  * volumes. 
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17 Ibid., vol.  4.  p.27. 
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stochastic simulation of tank combat.     In  1967 a program 

was initiated by U.S. Army Missile Command by contract 

with Ohio State University to develop a land combat model 

that would predict the  effects of missile   performance 

characteristics in ground engagements.    The basic  DYNTACS 

model was modified to incorporate sophisticated routines 

to evaluate the performance of various missile systems, 

including dismounted Infantry elements in a rudimentary 

sense   and an Aerial Platform Module which, represented 
•I  Q 

combat activities of aerial vehicles. The play  of 

aerial platforms at this point in time was highly restric- 

tive.     It remained for  the next  and current DYNTACS re- 

finement,  DYNTACS-X,  to develop  the full  set of aerial 

platform routines permitting evaluation of the contribu- 

tion by aircraft to ground unit  effectiveness.     DYNTACS-X 

was developed by Ohio State University under contract to 

Combat Developments Command in support of the Hard Point 

Target Study.     This  study effort and its use of DYNTACS-X 

was subsequently discontinued but the work on the  model 

continued and was completed in 1971.    The  progression then 

can be traced  through 1971 by DYNTACS,  DYNCOM and  finally 

DYNTACS-X with the latter program incorporating aspects 

of artillery counterbattery fires, anti-aircraft fires 

1R Gordon M.   Clark,  et.   al.,  Land  Combat Model 
DYNCOIV: Programmer's Manual.    Research Analysis Group,  The 
Ohio State University,   (Columbus, Ohio:  1970) p.  v. 
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and aggressive  aerial platform engagement  of ground tar- 

gets.19 

Strengths.     In  each stage of development,   the 

DYNTACS family of simulations presented a significant 

advance in the  state of the art.     Treatment of terrain 

was far improved over anything presented earlier,   deci- 

sion logic in the intelligence and maneuver functional 

areas were revolutionary.    A system of documentation was 

established which permitted an analyst to  access any part 

of the program for more  detailed  evaluation without a 

time consuming  journey through the entire model.     This 

family of models presents a meaningful representation of 

the major mounted combat and combat support aspects of 

ground combat and, as such, are major contributors to the 

combined arms model. 

Weaknesses.     Three significant weaknesses  of this 

family of models can be  identified.     The  first weakness  is 

the result of specialization toward satisfaction of some 

specific study  objective.     In the case  of  the DYNCOK devel- 

opment, space and time  consuming detailed routines  trac- 

ing the flight path of missiles were integrated into the 

program.    The result has been a varying degree of resolu- 

tion within the model at the cost of computer storage 

1 Q 7Ibid.f vol.  2A, p.  v. 
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space  and running time.     The second weakness of the pro- 

gram is the inadequate "treatment  of dismounted or com- 

bined combat action.    Although dismounted  forces are 

played they cannot be treated with a level of sophisti- 

cation commensurate with that of mounted forces.     The 

third  significant weakness is the size and sophistica- 

tion of the program.    This size  and degree of sophis- 

tication have mitigated against  the program's use,   to 

the overall detriment of the program. 

Small  Independent Action 
Force  (SIAF) 

Background.     Work on the  SIAF program was  ini- 

tiated in 1965 by the Advanced Research Project Agency 

(ARPA)   of the Department of Defense Research and Engineer- 

ing (DDRE)   at the direction of Congress and was to  con- 

centrate on the then expanding role of U.S.  Ground Forces 

in Southeast Asia.     There evolved a detailed investiga- 

tion into all facets of small independent  action forces 

of from two to twelve man size -to describe and,  to the 

extent possible, model  this highly complex system.     This 

program developed into  a major undertaking involving many 

agencies of DOD and numerous contracts with civilian 

firms.    Through 1972, when the program was transferred to 

the Department  of the Army, an estimated h,$ million dol- 

lars had been expended. 

One of the earlier efforts in the SIAF field was 
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the development of an extensive  data base.     Principle 

effor-t in this  area was  accomplished by Vertex Corpora- 

tion under contract to ARPA.     Thompson-Ramo and V/ool- 

drid^e  (TRV/) was subsequently awarded a contract to 

develop a computer simulation of* the SIAF action.     The 

results of this modeling effort,   culminating in 1972-73 
?0 with the publication of a draft user's manual,"   pre- 

sented a highly detailed and sophisticated modeling of 

the individual soldier   in a SIAF role. 

The SIAF model  consists   of two significant com- 

ponent parts:   the reconnaissance and ground confronta- 

tion models.     A schematic of the reconnaissance portion 

of the program is shown in Figure 7.     The ground confron- 

tation model is called by a master executive program to 

resolve confrontation of forces,   if that  option is selec- 

ted,   following execution of at least a portion of   the 

reconnaissance model. 

Strengths.     The entire SIAF program presents an 

extremely well documented highly detailed modeling of the 

most  complex element on the battlefield,   the individual 

soldier.    Modeling techniques in the area of terrain and 

detection significantly advanced the state of the   art. 

The data base  provides   a detailed compendium of information 

20TRV7  Systems Group.     SIAF System User's Manual 
Draft   (Redondo Beach,  Californiai 1972) 
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'to support model development in several related fields. 

Weaknesses.    Similar to the experience with the 

DYNTACS family the SIAF program's strength is  also its 

weaknesses with respect to the combined arms model.    The 

resolution and consequent detail of the SIAF program are 

very high.    As a result of this detail the program in 

its  current form requires four overlays to fit on the 

current CDC 6500 computer at Fort Leavenworth.    This 

detail is not considered necessary for the combined arms 

model. 

Army Small Arms Requirement 
Study (ASÄRST 

Background.    The ASARS program traces  its origin 

back to the Small Arms Weapons Systems study in 1965. 

In this early study,  completed by the Infantry Agency of 

Combat Developments Command, the CARMONETTE model was 

exercised.     The exercise of the CARMONETTE program iden- 

tified a need for the development of a more advanced model 

to investigate the dismounted aspects of combat and led 

to the initiation of the ASARS program.     In 1970  a deci- 

sion was made to build a high resolution stochastic simu- 

lation of combat at the squad and platoon level.     The 

task of model development within ASARS was undertaken 

by Systems Analysis Group of Combat Developments  Command 

in support of the study proponent, the  Infantry Agency. 
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The development of the ASARS Battle Model effectively 

integrated the more  desirable   concepts  formulated in the 

DYNTACS and SIAF programs.    The completion of the pro- 

gram by Systems Analysis Group was cut  short by the 

reorganization of the Army in 1973,  however,  a ten volume 

report was prepared by the Group prior to its dissolu- 
22 tion.        Although the program had not been fully com- 

pleted it still represented a significant advancement in 

the state of the art and continued development of the 

program was undertaken by the  Infantry School at Fort 

Berming,  Georgia.    Figure 8 depicts the execution logic 

of  the ASARS Battle Model as of June 1972. 

Strengths.    The strengths of this program are far 

too numerous to adequately,  or necessarily,  list  in this 

study.     The   explicit modeling  of Intelligence,  Operations, 

Command,  Control and  Communications was essentially accom- 

plished.     The results of an extensive research effort by 

Defense Science Laboratories of Litton Systems Inc.   into 

the phenomenon of suppression were carefully integrated. 

The ASARS program effectively  closed the gap existing 

between the  SIAF and DYNTACS programs.     Most significant 

however,  is   that the  overall design of  all three  of these 

programs are essentially compatible and they are well 

documented. 

22U.S. Army Combat Developments Command  Systems 
Analysis Group.  ASARS Battle Model.   (Fort Belvoir, 
Virginia»  1973) 
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Weaknesses.    Although ASARS made  a significant 

effort toward closing the existing gap all the objec- 

tives have not yet been fully realized.     Dynamic fire 

and maneuver is not  adequately modeled in any program 

existing today.    Many aspects of the DYNTACS  and SIAP 

programs have not he en   integrated into the ASARS model 

eg.  artillery  support and weather.    These  shortfalls are 

under  study and concepts for their reduction have   been 

prepared. It is simply a matter of time and resources 

until they are completed. 

Other Programs of Interest 

The preceding subparagraphs have reviewed   in 

some detail several existing models but could not reason- 

ably  include all models in existence.    There are a num- 

ber of additional programs that must be addressed  due 

either to their popularity or because of  their antici- 

pated contribution,   in part,  to  the combined arms  model. 

Stanford Research Institute  (SRI)   Firefight Model. 

This  is an expected value model that was  developed by 

Stanford Research Institute,    Although some stochastic 

processes have been integrated into the program, most 

notedly by Operations Research Associates under contract 

%.S.  Army Infantry School.    Army Small Arms. 
Requirement Study II  (ASARS II)   Fourth In Process 
Review,  21 June 1973 «After Action Report   (Fort Benning, 
Georgia*   29 June 1973)   tab.  F. 
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to ARPA,  the model basically remains  deterministic   in 

design.    The resultant limitations of the  program are 

enumerated in detail by TRW in a portion of their report 
2k on the SIA? program. 

LIVFIR.     This program was developed by the   Litton 

Scientific Support Laboratory under contract to U.S. Army 

Combat Developments Command Experimentation Command at 

Tort Ord,  California in  I969.     LIVFIR is a deterministic 

nodel by design,  although some  stochastic  processes  are 

ased in the decision-making process.     The  model was  devel- 

oped to approximate results of experimental firings  at 

■iunter Liggett Military Reservation in support of the 

Infantry Rifle Unit Study and to  assist in experimental 

iesign for future uses of the ranges.   J    Since that time 

iowever,  several changes have been incorporated to   attempt 

to adapt the program to   other purposes.     Its inherent 

Limitations remain for purposes of this study. 

EINFALL.     (The German word for  invasion).     This 

nodel/war game was prepared by SRI for the German Minis- 

try of Defense.     This program is  essentially a limited 

9k c TRW Systems Group. Addendum to Volume III, SIAF 
Drganic Combat Model, Volume V (Redondo Beach, California! 
L971) 

^U.S,   Army Combat Developments Command Expert - 
Dentation Command.     Handbook for  LIVFIR -  A Small Arms 
Parget Range Simulation   (Fort Ord, California»   1969) 
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iccess war game.    Exercise of the program   is controlled 

it preselected  stages of the battle and the model is used 
26 

;o resolve these "frames" of combat.        The program it- 

self is deterministic in design and has limited  internal 

lecision logic  and limited play of terrain.    Its meaning- 

ful application should be restricted to short duration 

jonflict resolution in support of some gaming activity. 

Analysis of Opportunities for the  Reduction of 

tactical Vehicle Requirements Through Pooling.     This study 

vas completed by Research Analysis Corporation and   offers 

DOtential for application of portions of its efforts to 

nodeling aspects of the  combat service support function. 

Cn the  interest of keeping the size of the combined arms 

nodel down to reasonable limits the results of this study 

jould be applied to accept demands and project responses 

Dy the  transportation systems at   some preselected rear 

ooundary of the  battalion. 

Aerial Weapons Effectiveness Simulation  (AWES). 

although DYNTACS-X and CARMONETTE address   aerial platform 

systems their results cannot be considered, at this point 

In time,  to be  validated.    The Aerial Weapons Effective- 

less Simulation  (AWES),   developed hy the Combat  Operations 

Research Group under contract to  U.S. Army Combat Develop- 

Planning Research Corporation.     Final Report  on 
Sinfall I  (Los  Angeles,   California»  I966) 
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lents Command provides another source of modeling this 

ispect of combat,    It should be integrated with the other 

referenced sources in modeling the aerial  platform. 

The Duel-Model.     This model was developed by the 

Jniversity of Alabama Research Institute under con-tract 

;o the U.S.  Army Missile Command  and provides an alterna- 

te to the DYNTACS-X program for anti aircraft modeling. 

The Service Support War Game.    This war game was 

leveloped by the Combat  Operations Research Group and has 

;wo submodels of potential value   in the combined arms 

nodel development.    The   submodels of interest are the Rear 

ixea Protection and Construction submodels.    When dealing 

vith force structures and areas of operation of battalion 

md brigade sizes these   functions take on  increased impor- 

tance.     The Service Support War Game programs present 

results of detailed analysis into these operational areas. 

Airlift Simulation Study.    The last major exist- 

ing program of   interest   is the stochastic   simulation 

ieveloped by Headquarters Tactical Air Command in support 

3f the  Airlift   Simulation Study.     This program explicitly 

addresses aspects of aerial resupply which will support 

the modeling of portions of the combat service support 

functional area. 
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CONCLUSIONS 

As evidenced by the preceding evaluation of 

xisting programs,  extensive efforts by many different 

rganizations have been directed toward solving a variety 

f very specific problems.    The critical connecting link 

s that, for the most part,  those programs   selected 

•ursued solution of their problems through the develop- 

.ent and/or execution of stochastic models.    These  pur- 

uits were directed toward at least a portion of the five 

unctions of land combat described in preceding chapters. 

1th the development of the ASARS Battle Model the miss- 

ng piece in the combined arms puzzle (Infantry)  has been 

ound and it remains to  integrate  all these efforts  to 

ealize a combined arms  model.     The remainder of this 

tudy  is devoted to such an integration. 



Chapter IV 

EXECUTIVE ROUTINE 

The executive routine is the control center  of 

he model.     The  function performed by the executive  rou- 

ine in a computer simulation can he compared to that of 

he brain and the nervous system in the human body.     The 

xecutive routine will select the  elements  and events to 

e processed, call appropriate  subroutines  to perform 

heir designed function and transfer information.     This 

hapter v/ill develop the  level of resolution required, 

escribe the desired means of program control, define a 

rouping of major subroutines to be used in the course of 

odel development and build the executive routine.     The 

xecutive routine will be built in three phases.     The 

irst phase,  Phase A,  will develop the broad method  of 

peration of the model by wargaming the battalion sized 

lement.    Using Phase A as a point of departure,   Phase B 

ill expand the  logic to   include  tactical details of execu- 

ion.     The  final phase,   Phase C,  will further expand this 

ogic in FORTRAN IV,  program and  execute the model using 

ummy subroutines as necessary. 

58 
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RESOLUTION 

Although it would be desirable to design a reso- 

ution at the individual  soldier level,   such an endeavor 

ould quickly exceed any reasonable computer storage 

apacity.    Resolution to  the individual soldier was 

chieved in the SIAF and ASARS program.    In the case  of 

IAF the force simulated was by design limited to about 

welve men while in the ASARS program the limit is re- 

orted to be about 150 elements.     When ASARS is loaded 

ith its full complement  of 150 elements it is antici- 

ated that the running time will increase significantly, 

his ASARS limit restricts the simulation to that of the 

ommitted elements of a dismounted rifle company (2 pla- 

oons)   attacking a reinforced squad sized element con- 

acting a defense.    The DYNTACS and IUA programs  apply a 

ssolution at the individual tank  level.    For purposes of 

his study,   in pursuit of the type objectives listed in 

igure  1 of Chapter I,  the resolution used   in the DYNTACS 

nd IUA programs   is considered adequate. 

To insure compatibility across both functional 

reas and organizations undergoing evaluation,   similar 

svels  of resolution by branch must be specified.    The 

stablishment of a required level  of resolution is con- 

idered important enough to warrant detailed evolution at 

lis point.    This process will also serve to illustrate 

Dtential study areas in which this program could be 
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pplied.    These   illustrations will reinforce the  design 

uides  developed earlier, 

ype Task Force   of Interest 

The organization of interest is the combined arms 

nit of approximately battalion size.    For  purposes   of 

his discussion a mechanized Infantry task  force  is   selec- 

ed for detailed expansion.    In consonance  with the   earlier 

escription of a combined force a basic mechanized Infan- 

ry battalion will be used with the replacement of one of 

he three mechanized Infantry companies with a tank  corn- 

any.1     This action is normally taken by a brigade com- 

ander when he is allocating combat power and has both 

echanized and Armor forces available.     This action   is 

ailed tailoring of a force to create two or more task 

orces.     Such an organization is represented in Figure 9. 

he battalion commander,   upon attachment of a tank com- 

any in exchange for a mechanized   Infantry   company,   will 

ormally cross attach his forces.     This action serves to 

reate  three similar mechanized Infantry heavy teams 

hich integrate  the unique capabilities of   both the  Armor 

nd Infantry forces.     Caution is required at this point to 

nsure understanding that the similarity of these three 

earns is limited to the fact that  they are   major maneuver 

1 Department of the Army.     FM 7-20.   The Infantry 
attalion.     (December 1969)» p.  B-5^ 



61 

0\ 

t* 

0) 
o 
u 
o 

cd 
EH 

o 

cd 
m 



62 

units. 

fca.ior Maneuver Units 

Figure 10 represents the result of cross attach- 

ment of Armor and Infantry forces as directed by the 

battalion commander.    A platoon of mechanized Infantry 

has been detached and replaced by the attachment of a 

platoon of Armor.      This organization should be carefully 

compared with that of the Armor company team shown in 

Figure 11.    In Figure 11 the result  of the battalion 

commander's task organization through the detachment  of 

two tank platoons and attachment of two mechanized Infan- 

try platoons has created a third mechanized  Infantry 

heavy team.-'    Due to the basic organization of the tank 

company however,   the Armor company  team does not have the 

weapons  platoon as shown in Figure   10 of the  mechanized 

Infantry team.    An equally significant but less obvious 

difference is in the maintenance and supply  activities 

at company level.    A significantly different capability 

in maintenance,   evacuation and support exists between the 

two organizations. 

These three team organizations constitute the 

major maneuver units of the battalion task force.     It is 

2Ibid.,  p.  B-4. 

•^Department of the Army.    FM 7-15. Tank Units 
Platoon,  Company and Battalion.   (March I966) , p. 7. 
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through these forces that the task force accomplishes   its 

assigned missions.    The resolution at which these organ- 

izations  are treated in the model is of particular impor- 

tance . 

These major maneuver units of the task force are 

the units  in which we would expect to introduce expensive 

new v/eapon systems.    Any future rifle system will "be de- 

signed to enhance the combat effectiveness of the rifle- 

man found at the  squad level of these organizations.     The 

required  level of resolution within these organizations 

can he appreciated by recalling a recent,  and as  of yet 

not  satisfactorily resolved, question with respect to   the 

introduction of the new medium anti-tank weapon,   Dragon. 

Considerable effort has been expended to determine whether 

the  distribution  of this new weapon  should he implemented 

at the squad level by use  of a "dedicated gunner"    or  the 

"designated gunner"* concept.    One factor which was a 

significant consideration was the level of training re- 

quired on the part of the rifleman to achieve a desired 

level of proficiency with the Dragon system.     This  evalua- 

The concept of the dedicated gunner visualized 
the reduction of  one rifleman from the squad  organization 
and his replacement with a Dragon gunner,  trained and pro- 
ficient   in the use of the   system. 

*The concept of the designated gunner visualized 
application of the "arms room concept" where  the weapon 
system would be  stored on the squad Mechanized Infantry 
Combat Vehicle for use by a "designated" rifleman at  the 
direction of the  squad leader. 
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tion was  assisted by data collected during the course  of 

Expanded Service Testing of the Dragon system.    An equally 

or perhaps more important aspect that could not be eval- 

uated in a comfortable manner was the affect  on unit 

effectiveness as a result of selection of either of these 

courses of action.    This combined arms model must have  a 

resolution capable of assisting decision-makers in making 

decisions as described in the preceding example.    The 

question of manning of the Dragon system is not the last 

of these  type problems to confront the military.     Cost- 

effectiveness and tradeoff analyses presume an ability to 

evaluate   at least relative  combat effectiveness.     At this 

point in time such effectiveness evaluation can only be 

approximated in a relatively sterile environment.    The 

combined  arms model must be capable  of discrimination  at 

the squad/tank level to adequately assist in resolving 

problems  exemplified by the Dragon manning example. 

Another group of elements requiring consideration 

are those headquarters that control  the  squad/tanks pre- 

viously  selected.     Additional organizations within the 

company  structure provide  command,  control and support of 

the subordinate units and should be  specified as elements 

for explicit modeling.    These additional elements include 

the commander, executive officer, supply and  administra- 

tion, maintenance and the  artillery forward observer team. 

Although the artillery forward observer team is not a 
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part of the TO&E of the unit,  it is  habitually employed 

with the unit and should be modeled as an element. 

Battalion Organic Combat 
Support 

The next major unit shown under the assumed task 

force organization in Figure 9 is the combat  support com- 

pany.    As its name implies the mission of the combat sup- 

port company is to provide  combat support to the task 

force and its major subordinate maneuver units.    The com- 

bat support company of the mechanized Infantry battalion 

is organized as shown in Figure 12.       The combat support 

company has five major combat and combat support elements 

as shown in Figure 12.    Each of these elements are organ- 

ized in a similar manner in that they have a headquarters 

section and a variable number of subordinate  units which 

perform the unique functions implied by their names.     In 

addition to these elements,  like the Armor and mechanized 

Infantry teams, the command, supply  and administration 

and maintenance organizations should be treated explicitly 

and appear as elements. 

Again referring to Figure 1  a conceptual applica- 

tion of the combined arms program can be visualized.     Sev- 

eral considerations have exerted pressure for the elimina- 

tion of mortars at company  and battalion levels.     These 

6FM 7-20,   op.   cit.,  p.   B-3. 
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motivating factors have  taken the form of a desire to 

reduce the number of vehicles at company and "battalion 

level and the relative increased effectiveness of sup- 

porting artillery and air  support systems.     The impor- 

tance of a decision of this nature can be attested to  by 

any Infantry unit commander.    The complexity and differ- 

ence of  opinion associated with such a decision is quite 

significant.    A variety of potential organizations could 

be postulated however,  the explicit  assessment of effec- 

tiveness of each of these  organizations requires the com- 

bined arms model.     A problem of this nature requires the 

reasonable approximation of the interactive aspects of 

communicationst tactical air, Army Aviation support, 

artillery, maintenance,  supply,  etc. 

External Support Elements 

In the preceding example, reference was made to 

support   elements not normally found  organic to a battalion. 

Figure 13 presents four organizations that normally pro- 

vide support as parts of larger organizations external to 

the battalion.    The units  listed are selected as a repre- 

sentative of the   "battalion slice"  of external support. 

The artillery organization shown is  one battery out of the 

battalion normally placed  in direct  support  of each com- 

mitted brigade.     In addition to the guns,  the maintenance, 

supply,   and fire direction center operations  are projec- 

ted for  explicit modeling to insure the capability of 
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comparative analysis as described in the mortar example. 

It is anticipated that a platoon level of resolution for 

the engineer supporting element  is adequate.     The avia- 

tion supporting elements,  to include Army Aviation and  Air 

Force tactical support aircraft shown in Figure 13» re- 

flect two aircraft each.    Each aerial platform with a 

wide selection of armaments capabilities and sophisti- 

cated control systems should be treated individually and 

are therefore selected as elements. 

Task Force Staff Elements 

The battalion organization provides the commander 

a staff which operates in the areas   of personnel,   intel- 

ligence,   operations and logistics.     These staff officers 

are traditionally designated as the  S-l through S-^ re- 

spectively and are supervised by the battalion executive 

officer.     Each of these staff officers has a significant 

effect on the battalion's operations and should be desig- 

nated an element  and modeled explicitly.     In addition  to 

the organic staff, two other elements habitually operate 

within the framework of the battalion.    The Tactical Air 

Control  Party  (TACP)   is attached to the battalion by the 

Air Force to facilitate requesting  and controlling tac- 

tical air support.    The second external staff equivalent 

element   is the liaison team from the direct  support Artil- 

lery battalion.     This liaison element provides critical 

coordination and assists the commander and his staff  in 
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effectively planning for and employing all supporting 

artillery  fire.    Figure Ik portrays  these elements. 

Headquarters and Headquarters 
Company 

The last major element of the task force shown in 

Figure 9   is the headquarters and headquarters company. 

The headquarters and headquarters company of the mechan- 

ized Infantry battalion is  organized as shown in Figure 

15.7    The elements of concern within this organization 

are those that directly affect the effectiveness of the 

battalion combat  elements. 

The battalion communications, support, maintenance 

and medical platoons meet this criterion.    The battalion 

support platoon requires the treatment of its four com- 

ponent elements«   headquarters,  transportation,  supply  and 

mess sections.     The battalion medical platoon must be 

modeled  at the aid station and evacuation section level 

if the medical evacuation process is to be assessed. 

Aggregate Requirements 

This concludes the  analysis  of the intentionally 

complex  task force and results in the required resolution 

by major  organization as listed  in Table 1, 

The total of 139 elements should immediately cause 

concern,   tempered with recognition that this number per- 

70p.   cit., FM 7-20, pp.   B1-B2. 
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Table 1 

Required Levels  of Resolution 

Organizations Number of Elements 

Mechanized Infantry Team  (2) 

Armor Team 

Combat  Support Company 

Battalion Slice  of Support 

Task Force Staff 

Headquarters and Headquarters Co. 

Task Force Commander 

Total Elements of Type Task Force 

58 

24 

27 

14 

7 

8 

1 

139 

mits high resolution to the squad/"tank/crew  served weapon/ 

aerial platform/staff section/supporting element level. 

This total further reflects only the blue force of inter- 

est and makes no provision for introduction of the opposing 

forces.     It should be assumed that  situations pre sen-ting 

the subject task force In a defensive role against an 

attacking red force would be required.    Reasonable expec- 

tations of ratios in the  order of -two and three to one in 

favor of the red force is appropriate.    Due   to organiza- 

tional peculiarities of aggressor forces as  well as to 

aggregate aspects of external support elements,   a capacity 

to treat up to 250 elements should be adequate in satis- 
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fying these requirements. 

CONTROL 

Although many activities take place simultane- 

ously on the battlefield the computer can only approx- 

imate this phenomenon since it  is restricted to treating 

one event at a time.     The problem of selecting what 

activity or event is to be undertaken by what element(s) 

at  what time is most readily resolved in the executive 

routine.     The two commonly accepted techniques of con- 

trol are discussed below with a third preferred method 

presented for use in the combined arms model. 

Event Sequence Control 

In this form of control each element in the simu- 

lation has a unique time associated with it.    Figure 16 

portrays the event sequence method of control.    At the 

beginning of the simulation the elements are normally 

assigned  some weighted random time for purposes of start- 

ing the execution.8     In Figure 16 the starting times for 

each of the  elements are shown by the subscript zero. 

Once the  starting times have been established,  the com- 

puter searches for and selects for processing the element 

with the smallest clock time.     In the case shown the ele- 

8U S    Army,   Combat Developments Command.   ASARS 
Battle Model.'    Systems Analysis Group.   TR 9-73,   (Fort 
Belvoir,  Virginia!  1973)  Vol.   II A,  p.   II-A-1. 
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merit A would be selected.    The logic of the model will 

dictate an event or activity to be undertaken by element 

A and complete the processing o.f this element.    With this 

type of control an input is required which   specifies the 

time length associated with every  event an element could 

undertake.    The element A would be assigned this time 

for activity 1 and A's individual  clock time is advanced 

to time    al.    When processing of element A  has been  com- 

pleted,  control will return to the executive routine  and 

the  selection process would be repeated.     In the  case 

shown,   element  C would be selected and processed.     This 

technique  is used for control in the DYNTACS and ASARS 
9 programs. 

Strengths. It is generally accepted that this 

form of control normally saves running time. If the num- 

ber of possible events can be constrained, and times for 

their accomplishment satisfactorily assigned, the program 

for control can easily be developed. This method provides 

the easiest approach toward approximating the simultaneous 

occurrance of events within the constraints of the com- 

puter. 

Weaknesses.  The greatest drawback of this system 

Q 
'Albert B.  Bishop and Gordon M.  Clark.     The   Tank 

Weapon System.     Systems Research Group, The Ohio State 
University.   (Columbus,  Ohios   I969), vol.  k,   p.   20. 
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for  control   is in the   area of accuracy of representation 

and  is therefore most damning.     In the event sequence 

method of control the  element with the lowest clock time 

is  selected  and then permitted  to undertake accomplish- 

ment of  its  activity irrespective of the  activity of any 

other element on the battlefield.    Figure 17 presents a 

situation that could develop,     Since    al was less  than 

*b2,   element A was selected for processing of a communi- 
t t cations event of length   a2 -    al.    After element A was 

processed and its message passed, control was returned to 

the  executive routine where element B was selected to 
t t complete a firing event of length    b2 -    hi.    It  can be 

seen from Figure 17 that element B would complete  his 

firing event before element A had completed his communi- 

cations event since    b2 is less than    a2.    If element B 

were  firing at, hit and killed  element A the communica- 

tions act undertaken and completed at time    a2 by  element 

A would none  the less be considered completed by  the com- 

puter as a function of sequence alone,     Essentially we 

would have a situation where a  dead man   (element  A)  com- 

pleted an activity that could have a significant  outcome 

on the battle. 

Several different approaches toward reducing the 

occurrence or impact  of such a  situation have been attempt- 

ed.     Most of them have centered on reducing the time 

length permitted for events by  segmenting the events.    A 
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second method has attempted to identify situations  as 

described and then correct any resultant erroneous   infor- 

mation.    In all cases the result has been to increase the 

complexity and running time of the programs which has 

significantly reduced the strengths of the system. 

Time Sequence Control 

In this -form of control only a single time   exists 

in the simulation.     The executive routine   searches   through 

all the elements and their projected activities  associ- 

ating time with these activities.    The executive routine 

selects the event  (to be distinguished from the  individ- 

ual)   with the  shortest projected time and defines "this 

time  as the event time.    All elements are  permitted to 

progress in their activities toward completion for  this 

event time  length.     Interactions   are resolved and nec- 

essary bookkeeping is accomplished before  control is re- 

turned to the executive routine for definition of "the 

next event»    This process is presented in Figure 18.    The 

SIAF program uses a modified version of this time sequence 

of control. 

Strengths. This system of control can best be 

described by use of Figure 18, Time increments can be 

forced to be small enough to insure resolution of inter- 

TRW Systems Group.     User's Manual Volume   I 
(Redondo Beach,  California:   1971)■ p.   2-60. 
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actions before errors are introduced into the system. 

Weaknesses.     The major weaknesses of this form of 

control are complexity and running time.    The resolution 

of  interactions within an event can readily be appre- 

ciated.    Emphasis of the major strength of this   system 

favors short event times.    This short  event time results 

in frequent  "trips"  through all the model elements and 

rapid  increase  in overall running times. 

The Preferred Method 
of Control 

The preferred method  of control attempts to  cap- 

italize on the strengths of each of the two preceding 

methods while minimizing their weaknesses.    An optimal 

system would use the event sequence when no interaction 

takes place but shift to the  time sequence method when 

interactions frequent the simulation.     Attempting to re- 

vise the program for control   in the midst of an execution 

would be complex and consuming in terms of both computer 

storage and running time. 

The requirements with respect to the control meth- 

ods can best be understood by taking the hypothetical 

task force  specified earlier  in this chapter and carrying 

it through a form of attack.     Initially,  as the  simula- 

tion begins, the elements will primarily be maneuvering 

in accordance with  some prescribed plan.    The opposing 

forces on the battlefield will have only initial informa- 
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tion about their opponent.    The attacking elements will 

be principally concerned with movements while the defend- 

ers primary interest will he  surveillance of the battle- 

field.     This segment, which will be called Phase  1,   is 

characterized by the absence  of exchange of fire by the 

forces and thus no damaging interaction.    In this phase 

the optimal method of control is event sequence with a 

long permissible time length for each event. 

The second phase is Introduced by the first ex- 

change of fire by the combatants.    These exchanges are 

characterized by long range engagements and interactions 

involving a relatively small number of elements.     In this 

phase,   event sequence, with a time restriction more lim- 

iting than that of Phase 1,  is required. 

The third and final phase is initiated when the 

opposing forces close to some preselected distance within 

which it can be forecast that significant interaction will 

take place.     The preferred method of control here is an 

event sequence that will be radically constrained in per- 

mitted time length of each event.    This last constraint 

will cause  the event sequence  control method to  approx- 

imate the  time sequence control method. 

This proposed method  of control,  to be entitled, 

Event Sequence Time  Constrained,  will  function as shown 

in Figure 19.    The program activities  are shown  to ini- 

tiate at time *o by the selection of element A to engage 
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in a movement activity shown as activity A.,.    This activ- 

ity requires time  length tal to complete and will com- 

plete this  event within the maximum allowable event length 

specified for Phase 1.    Element B has been engaged in 

battlefield surveillance and has terminated activity at 

bl due to  the acquisition of element A.    It is  assumed 

that element B has elected to  engage element A with artil- 

lery fire and delivers these fires in sequence B2.    The 

intelligence event A2 has been terminated by A's recogni- 

tion that he was effectively engaged.     Control returns to 

the executive routine where the program control  is advanced 

to Phase 2 where the maximum permissible time length of an 

event is constrained to that assigned for Phase  2. 

The  situation presented in Figure 19 depicts A's 

selection of a movement option.    It is  assumed that this 

movement event,  which was interrupted due to the  Phase 2 

constraint,   causes element A to close to the input thres- 

hold separation distance.    Control is returned to the 

executive routine.     The executive routine will now step 

the  simulation to the final phase, Phase 3t where events 

will be radically constrained in their permitted duration. 

Once entered,  each higher phase cannot be regressed until 

the program is reinitialized. 

The  technique of control described as event se- 

quenced time constrained was attempted in the ASARS Battle 

Model program.    Due to reorganization of the Army in 1973 
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work in this  area had  to be terminated in the  interest  of 

completing the program before dissolution of Systems 

Analysis  Group. 

ANATOMY OF A MODEL 

Earlier chapters of this thesis  have critically 

evaluated existing programs while earlier portions of 

this chapter have described desired resolution and a 

scheme for control of the combined arms model.    Prior to 

initiating the developmental effort,  for this model,   it 

would be helpful to analyze in  some detail a program 

that closely parallels the desired combined arms  model. 

The  vehicle  for this discussion will be   the ASARS Battle 

Model which was evaluated in the preceding chapter.    This 

analysis will discuss  the  logical grouping of subroutines 

and functions within the model  and will   also serve to 

demonstrate  the potential use and consequent need for 

specific  items and forms of documentation. 

Execution Logic 

Figure 8, ASARS Battle  Model Execution Logic,   in 

Chapter III presented the execution logic for the ASARS 

Battle Model.    This figure describes the sequence of 

activities and interrelationships that have been pro- 

grammed.     Seven major   subprogram groupings subordinate  to 

the  executive routine, FOLOME,   can be described.     These 

seven major  subprograms model at least portions of four 
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of the five functions with which we are concerned in the 

following pattern: 

Intelligence -       INTEL 

Firepower -       FCONTR 

FIRMOD 

CASA 

Mobility -       MCONTR 

MOVMOD 

Command,  Control 
and  Communications - COMMUNE 

The  sequence  in which these subprograms are 

entered is not arbitrary.    The  Intelligence function 

within any event should logically be expected to present 

information which will influence the other functions and 

therefore has been positioned early in the program.    Sim- 

ilarly,  casualty assessment, possibly resulting in force 

adjustment,   should be near the  end of the sequence to 

permit the proper assessment and adjustment of forces as 

required by  some preceding actions.    To  accomplish this 

the casualty assessment (CASA)   and communications  (update 

of  information COMMUNE) subprograms have been positioned 

in the later portions of the executive routine.     Although 

control and access to these subprograms can be controlled 

through programming techniques the logical arrangement of 

these subprograms will facilitate the programming effort 

and will become critical if overlaying techniques must be 
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applied due to constraints of computer  storage capacity. 

A pictorial presentation of the logic,   like Figure 8, 

assists the analyst in tracking the logic of the program 

and facilitates understanding of the program by the user. 

Subroutine Mapping 

General.    Although the execution logic diagram is 

useful to both the analyst and the user, additional infor- 

mation about the execution of the program can be gained 

by reformating the same information.    This reformatting 

will describe the interaction of subroutines from lower to 

higher levels as opposed to the overall presentation shown 

in Figure 8.    Figure  20 presents in matrix form the map- 

ping of the  subroutines from lower to higher levels as 

opposed to the overall presentation shown in Figure 8. 

Subroutines  70 through 72,  which deal exclusively with 

measures of effectiveness,  have not been included within 

the body of the matrix. 

The numbers in the extreme right hand column re- 

flect the number of subroutines listed across the column 

headings That called  the subroutines listed as row head- 

ings along the left.     The numbers along the bottom of the 

columns help to identify the calling hierarchy of the sub- 

routines listed at the column heading.     Those with zero 

entries indicate that the subroutine is basic, defined as 

one which completes an operation without calling on an- 

other subroutine.     Insight into the degree of dependence 
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on other subroutines can "be gained by examination of  the 

numbers at the "bottom of the columns.    An extract of 

those  subroutines called by two or more other subroutines 

is presented  in Table 2. 

Figure  8 has served to illustrate the logical 

organization of the executive routine by concentration on 

the major functional areas simulated.    Figure 20 and  Table 

2 more   specifically identify subroutines which accomplish 

this modeling and, most important,   identify   those type 

subroutines which support more than one function.     Those 

subroutines supporting more than one functional area de- 

scribe  a grouping which provide general service to the 

model.     These service routines can be grouped into treat- 

ment of terrain and communication.     The importance of 

terrain comes as no surprise,   however,   communications 

warrants further investigation. 

Analysis of communications  indicates that its 

introduction as a service group is based upon its transfer 

and storage of  situational type information.    The hier- 

archy and interrelationship of elements in the ASARS 

Battle  Model is recorded  in the communications peculiar 

subroutines.     This would  indicate  that the  second service 

grouping should be properly identified as a  status of ele- 

ments group as opposed to restriction to communications 

alone.     This suggests that information on the operational 

environment and  status of elements within the simulation 
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Subroutine Calls Called By Functional Area 

CQ'"7X 0 COEFTSL 
CO"'üNE 

IDETT 
I^RA:: 
I^PUG:." 
IPUT 
IP03I 
IRAD 
ISOPOD 
ISQÜD 
ITASCA 
IXION 

ccaMP 0 CASA 
FIR7.0D 

CCr.TF'EL COWEX FOIORE 
?.RT wC0NTR 
VLOS 
XLOS 
RANDOH 

D23EP 0 TNTERP 
RETRO 

ER* 0 C01TKE 
FIRKOD 
FPICK 
IPO^T 

FCTGTU 0 BATSUPJ: 
PCONTR 

FIR^OV 0 J'GATT 
3TCr.!IKE 

PTRAJX 0 FIRKOD 
FPICK 

IDIOT 0 IMPUGK 
ISOPOD 
TXION 

I"TERP DESEP ASS333 
RTTIVE KOV^OD 
V/LBR 

C,I &  F 

C,F 

T? 

C,I,F 

T? 

K 

■ fi- 
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Subroutine Calls        Called 3y 

IS IT 0 PC0NT3 
r«*CATT 

1SCP0D C0?:>'EX 
TDTOT IPLAT 

ISQUD 

ITA3CA corroüx IPSAK 
ISQUD 

IXION COXJTEX 
TDIOT 

IPLAT 
ISQUD 

."CBACK r.'CDEF 

r/CRTSL 
MUWIN 

KCONTR 
P/!COP 

VCDS? tfCSTSL 
MUNIN 

MC3ACK 
KCONTR 
MCOP 

SCHECK 0 MCATT 
RETRO 

?.:C?ORV !7!UNIN MCATT 
"VKJKINS 
RCCOP 

:.'cyiw 0 MCBACK 
MCOP 

?.1CRTSL ASHARD 
r.lCTF 
"RTTIKE 
VLOS 
XLOS 
ZUP 

r/iCATT 
!*CBACK 
MCDEP 
MCOP 

f'CTF 0 ATIM3 
IBETT 
MCEINE 
MCRT3L 
NIOVMOD 
RHtf 
RTTIKS 

functional Area 

i 

i 

c 

M 

I," 
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Table  2 (continued) 
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Calls        Called By 

FCONTR 
T/1CATT 
PrCBACK 
MCDBP 
TCFCRM 

Functional Area 

",:.C 

PLADEP WOWOD 
RTTIKE 
XLOS 

Vi 

HANDIf 

R"Tir 

VLOS 

XLOS 

ZUP 

r/iCTP 
PLADEP 
ZUP 

TTEST 
ZUP 
RAHDOK 

PLADEP 
ZU? 

ASSESS 
FIR?..OD 
IRAD 

ASHARD 
INTSRP 
MCRTSL 
WLBR 

CO::UNE 
ID2TEK 
IDETT 
IRAD 
ISQÜD 
MCRTSL 
MOV?'OD 

COMUNE 
FCONTR 
PIRKOD 
FPICK 
IDSTEK 
IDETT 
IRAD 
ISQUD 
MCRTSL 
MOVKOD 

AFLTI1* 
ASSESS 
ATTKE 
FI3EOD 
FPICK 
MCRTSL 
PfOVMOD 
RTTIKE 
VLOS 
XLOS 

I,? 

M 

I.C.F 

c.F.m.i 

F," 
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Calls Called By 

ARTY 
ASSESS 
CA3A 
COfttJNE 
FIRTfOD 
GET I? 
I3ETSK 
IDETT 
IPORT 
IRAD 
MOVKOD 
NSOUND 
RHW 
SELECA 
VLOS 

functional Area 

P,CfKtI,SS 

Functional Area Code: 

F = Firepower 

:.' = Mobility 

I = Intelligence 

C = Command, Control and Communications 

SS = Combat Service Support 
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should be controlled centrally  in the executive routine. 

Variable Control 

Prior to actually "building the combined arms model 

executive routine the generation and use  of specific vari- 

ables within a simulation must be understood.    Again using 

the ASAR3 Battle Model as a vehicle for discussion one 

can realize constraints on model development which should 

be applied in the development of any large scale computer 

simulation. 

The variables are the mechanism by which the com- 

puter transfers information.     In the ASARS Battle Model 

there are ^72  common variables which are either input to 

describe the desired initial situation or are generated 

internally for initiation of the program.     These variables 

are then applied in the various  subroutines to simulate 

the action desired.    A mapping of these commons by sub- 

routines  is shown in Appendix A.     The type of mapping 

reflected in Appendix A enables  the user to evaluate the 

use of each variable in each subroutine and better under- 

stand the true meaning of each numerical value. 

To facilitate such an evaluation additional infor- 

mation should be retained for each variable.    Figure 21 

is an information sheet developed for one  of the k?2 vari- 

ables  in the ASARS Battle Model.     This  information  sheet 

is the end of the chain beginning with the Model Execution 

Logic  of Figure 8, through the subroutine  and common 
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NCLOCK 

NAME 

1. DEFINITION! Element number of element who INTEGER/OS**- 
just completed sending a message 

1A.  RANGE« ]> NCLOCK <, 
DIMENSION» (     30       ) 

2. SOURCE   OF DATAi   JUDGMENT   (J)   OR/AND SPECIFIC (S)       [Sj 

3. APPLICATION:  YlHEREi    HOWtSets current ele- 

COMUNE ment number  int0 net 

IFRAM 

IMPUGN 

position (NT)  of 
NCLOCK to  indicate  a 
message has been trans. 

Fire Team logic which 
checks if he  gain info 
this event.  
Performs data trans for 
■plat on company net.Setl^a^l 

net ID and resets flag.   Sets cotnmo flag for nets 
4. DEMONSTRATED SENSITIVITY« YES NO 

5. TYPE CLASSIFICATION«   CONSTANT   (K)/SCENARIO( I) 

A. TACTICS & DOCTRINE (T) 
B. SCENARIO (S) 
C. WEAPON SYSTEM CHARACTERISTIC <W) 
D. OTHER SYSTEM CHARACTERISTIC (C) 
E. OTHER« initialize  

6. RUN IDENTIFIER». 

?. DATA» 

NCLOCK (NT), NT = 1,30 = 0 

Initialize to zero 

Item 3 
IS0P0D« 

ISQUDj 

ITASCA: 

IXION: 

Continued« 
Performs  data transfer for  the maneuver 

unit net.     Sets index and then zeros flag. 
Determines if an  intelligence message has 

been completed on a net that the squad ldr 
has access to.   Sets appropriate flags  for 
transfer. 

Perfom           Figure 21                 Ln S(luadne't- 
o6*ts inc   

Perform Data z      t tfork gheet    squad^ 
the plai Jn re"* 
flag. ) 
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Item 3 Continued! 
IPLAT!    Check if message sent by platoon leader has 

been completed & calling  appropriate routine 
to transfer info.    Sets flag for transfer of 
info in platoon. 

REMARKS:    This  common is set to the element number 
communicating on the net NT when  the communications 
has been completed.    This setting is accomplished by 
the COMUNE subroutine.    The hierarchy of operation as 
described in the following diagram. 

IPLAT 

Platoon      Fire 
Team 

Sets NCLOCK 

Squad 

_Check for message _conpJ.etion_ 

Complete  data transfar 

IMPUGN! 
Company Net 

ISOPOD 

Maneuver Un Lt 

Fire Tm 

ITASCA 
Fire Team 

Squad 

ISOPOD 

Maneuver Unit h 

IDIOT 

Kan. 
Unit 

Command Gp. IDIOT 

Figure 21   (continued) 

ITASCA 

IX ION h 
ISOPOD 

IDIOT 
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mappings of Figure 20 and Appendix A respectively and 

concluding with the information sheet in Figure 21. 

PHASE A EXPANSION 

As described earlier,  this phase of the executive 

routine development is the first  step in the description 

of the overall  system to be  simulated.    Applying the 

guidance of the earlier portions  of this chapter the 

following functions must be  controlled by the executive 

routine: 

Environmental description 

Status  of elements 

Control 

Intelligence 

Mobility 

Firepower 

Command, Control and Communications 

Combat  Service  Support 

To complete the  Phase A development it vri.ll be nec- 

essary to order these functions.     To accomplish this order- 

ing the task force organization developed earlier will be 

wargamed in a general sense. 

Hierarchy of Functions 

Control.    Control is an administrative function 

accomplished by the executive routine.     This function will 
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select the next element  to "be processed in a manner  de- 

scribed in the  second major section of this chapter.    It 

must be accomplished early in the execution cycle to per- 

mit subsequent subroutines to focus their  attention on 

specific elements.    The  control function should be  first 

in the required hierarchy. 

Environmental description and Status of Element, 

All actions subsequently addressed in the  processing of 

an element will be based on one   "frame" of a "motion pic- 

ture"  of this  activity.     The purpose of the environmental 

and status aspects of the executive routine is to present 

the situation,  by element,  for use by the  remaining func- 

tional areas of the program.    Since the information is 

required for application by the  following combat function 

areas  it must precede them but must follow the control 

area as a specific element must have been  selected  for 

processing. 

Intelligence.     The first  of the combat functions 

that  should be addressed is Intelligence.     Decisions and 

actions are made and undertaken based upon information 

developed during the intelligence gathering function. 

The  intelligence function is that in which most elements 

expend at least some effort most  of the time even if it 

is limited to  simple undirected  observation,    Due to its 

heavy use and since it provides   information to support 



101 

the  other functions it  should be next in the hierarchy 

of functions. 

Command.  Control and Communications.     Based upon 

all  prior information decisions  will be made at all levels 

of command/control within the task force  of interest. 

These decisions would control application of firepower, 

movement and provision of combat service   support.     It is 

expected that this process  should follow those providing 

information needed by  it but preceding those functional 

areas depending upon decisions rendered by this function. 

These considerations place  command,   control and communi- 

cations next  in the hierarchy. 

Mobility and Firepower.     These are virtually 

mutually exclusive events.     Except for special identifi- 

able  circumstances both of these functions would not be 

undertaken simultaneously.     Their relative order for pur- 

poses of application in the executive routine are   inter- 

changeable but will be   set as mobility and firepower in 

that  order. 

Combat Service   Support.     The major input in this 

functional area would be the  implementation of activities 

previously described or the restriction of these activities 

due  to constraints of the system.    This function will 

largely be that of bookkeeping and trade  off within capa- 
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bilities and will require results of earlier activities 

to properly accomplish  its function.    Due to this depen- 

dence it should be last in the hierarchy  of functions. 

Resume.    Based upon the  preceding discussions the 

hierarchy of functions  within the executive routine is 

established as followsi 

Control 

Environmental description 

Status of elements 

Intelligence 

Command, Control and Communications 

Mobility 

Firepower 

Combat Service   Support 

Executive Resolution 

Within each of the eight major executive routine 

functional areas a different degree of detail will be re- 

quired dependent upon the individual element being pro- 

cessed.     The  control,   environment and status functions 

will  be required on each individual element for each cycle. 

In the case of the remaining functional areas however, 

different degrees of executive resolution will be  required 

dependent upon the level of command within the task force 

of interest.     Economies in operation could be realized if 

the   "current  element"  is routed   through only that   logic 
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necessary to  accomplish its purpose.     This suggests that 

the  detailed logic developed for each of the five  combat 

functions be layered in such a manner as  to facilitate 

processing elements of  varying levels of  command within 

the  task force.    To this end a master functional area 

controller for each combat functional area should be de- 

veloped which will control accesses to portions  of  a more 

detailed execution program.     This suggests that  in  each 

combat function area there would be a relationship   sim- 

ilar to the following example of the intelligence func- 

tion: 

Intelligence Controller 

Intelligence Routine 

The pictorial presentation of the  Phase A expan- 

sion thus far  concluded is presented in Figure 22. 

PHASE B EXPANSION 

This phase of the executive routine development 

uses  the phase A expansion (Figure 22)   as   a point of de- 

parture and introduces  the tactical detail necessary for 

reasonable control and  execution.    The following discus- 

sion will methodically  expand each of the   eight major 

executive functions. 

Control 

There   is little need for   expansion of this   execu- 
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tive  function as it does not include explicit tactical 

control considerations.    Each element will require   a vari- 

able  that will maintain a running record of its time, 

We can specify it as CLOCK(I)  at this point.    CLOCK (I) 

will be a real variable subscripted by (I)  to identify 

a time associated with each element simulated.    Based 

upon earlier discussions of resolutions,  space should be 

reserved at this point in time to accommodate up to 250 

elements.     An additional time-associated variable,   CLOCKA, 

will  be used to maintain a record of the actual simula- 

tion elapsed time.    A third variable should also be intro- 

duced, CLOCKB,  which will be the time at which the   simu- 

lation is to begin.    This last variable will permit the 

introduction of weather and time   of day considerations. 

Environment 

In modeling the environment it is necessary that 

all factors which can affect the  application of the func- 

tions of land combat be  included.    The environmental 

aspects of interest can be  categorized as  either terrain 

or weather with the latter category including light; condi- 

tions. 

Terrain.    At this point  in development it is not 

appropriate to go into the details of terrain modeling. 

It is appropriate however,   to discuss those applications 

of terrain that are needed to assist military decision- 
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making.    The method of modeling terrain preferred will be 

presented in Chapter V. 

The location of each element on the battlefield 

must be known.    To explicitly locate each  element it's 

X and Y cartesian coordinates must be known.    These vari- 

ables are real and are  designated ELOCX(I)   and ELOCY(I). 

Some portions  of the program will also require the   Z plane 

position of the element, however,  techniques exist   to 

quickly determine the Z component given X  and Y components 

and valuable storage capacity need not be  programmed for 

storage of the Z coordinate. 

The terrain program must  be capable of portraying 

relief and of introducing vegetation into  the program for 

consideration.     This use will normally be  employed  to 

determine  if a portion of the target is obscured by terrain 

masking (XLOS)  or by vegetation masking (V10S).    Facts re- 

turned upon inquiry will be whether or not line of   sight 

between two or more elements exist in both XLOS and VLOS 

and what fraction of each potential target is exposed. 

Weather.    Weather will impact to increase diffi- 

culty in applying each of the combat functions, most im- 

portantly in the area of visibility.     The  program will be 

required to assess the  impact of weather in each func- 

tional area.     This portion of the environmental program 

must be capable of introducing the appropriate factors to 

describe light conditions, traff icability and weapon sys- 
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tem performance factors resulting from input environ- 

mental conditions normally keyed to simulation time 

(CLOCKA + CLOCKB). 

Conclusions.    It is not necessary to describe the 

explicit modeling of the environment at this time.     This 

will  be described in Chapter V,     For purposes of executive 

routine development it   is sufficient to describe those 

factors which must be provided by this  subprogram to per- 

mit meaningful decisions and applications  to be under- 

taken later in the program. 

Status of Elements 

This subprogram is a bookkeeping repository of 

information which,   in addition to the environment,   is nec- 

essary for decision-making and execution of the  subsequent 

combat functions.     Information such as the status of inter- 

element acquisition  (IDETT),   status of supplies   (SUPLVA, 

SUPLVB, SUPLVC, SUPLVD)   and status of forces (SURV)   will 

be required.    Each of these groupings will be discussed 

below i 

Interelement acquisition (IDETT).   This will nec- 

essarily be a  large matrix  (250,250)  which will reflect a 

level of knowledge on the part of any one  element I of any 

other  element J.    The ASARS Battle Model uses levels of 

acquisition which are considered, adequate.    The six levels 

desired for use in the   combined  arms model are listed below» 
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0 No  knowledge. 

1 Knowledge communicated from external elements. 

2 Knowledge communicated from organic elements. 

3 Decreased knowledge from prior  k or 5 levels, 

k    General localization  and identification. 

5    Total knowledge to include location and 

identification through direct observation. 

It may "be noted that states 1 and  2 reflect "how" 

while  the others relate to  "what" of knowledge.    This hier- 

archy  is necessary to support  internal decision logic 

which will favor higher states of knowledge. 

Status  of Supplies   (SUPLVA.   SUPLVB. SUPLVC. 

SUPLVD).    The A through D modification of  the SUPLV (Supply 

level) prefix are intended to correspond to the I,   III, IV 

and V classes   of supplies.     If explicit modeling of the 

medical and maintenance operations are undertaken classes 

VIII and IX must be added.    Within each class of supply 

the individual element  status, reflected as the portion 

of authorized remaining, will be  maintained for the  indi- 

vidual element and aggregated in the case   of leaders for 

his subordinate units.     This concept is an expansion of 

that supply constraint  employed  in the leadership logic 

of the Fire Controller  of the ASARS Battle Model. 

Status  of Forces (SURV).     This  information matrix 

will retain a record of the known composition of own 
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forces for both sides in the simulation.     A percentage of 

forces remaining within each subordinate element will be 

recorded.     It must be possible to cause erroneous infor- 

mation to be entered in this information matrix to  repre- 

sent  failures  in communications  and cause   less than op- 

timal  decisions to be selected if appropriate. 

Intelligence Controller 

This is the first of the  controller programs to 

be encountered which control the  access to specific rou- 

tines within each of the five combat function areas.    This 

subprogram will be entered by all elements however,   only 

leaders will perform the detailed functions executed with- 

in it.    Each individual not a leader will  be routed to 

the appropriate individual intelligence subroutine   for 

processing.    Within the  intelligence controller,  leaders 

will make decisions with respect to the application of 

their  information gathering assets.    Plans for battlefield 

surveillance will be formulated  and instructions for their 

implementation prepared in this  program.     Within appropri- 

ate subroutines each of the relevant intelligence func- 

tions will be   implemented.     At this point   in development 

the following required routines  can be visualized: 

Individual Acquisition to include * 

Man - Man 

Man - Vehicle  (air and ground) 

Vehicle - Man (air and ground) 
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Electronic - acquisition 

Electronic Surveillance,  to include« 

EW,  Radar, Sensors, etc. 

Aerial Surveillance 

Aided  Visual 

Commandt  Control and Commun- 
ications Controller 

Like the intelligence controller this subprogram 

will  be entered "by all elements  but nonleaders will 

quickly be  routed to appropriate detailed  subprograms. 

Within this subprogram the functions of the task force 

staff shown in Figure  14 will be modeled.     Staff coordi- 

nation and planning with appropriate time assessment will 

be accomplished in this program.    Decisions appropriate 

to a  level  of  command  will be formulated   at this point 

and control will pass  to the coTnmunications routine to 

affect the required communications.    Only upon success- 

ful completion of the  communication will  the appropriate 

information matrices be changed. 

Mobility Controller 

This major subprogram will be  concerned with 

leader decision-making with respect to maneuver of forces. 

The logic controlling dynamic maneuver and route of selec- 

tion will be  contained  in this program.     Elements  not 

designated either initially or dynamically as leaders will 
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be routed  to   a movement model to complete their event. 

Firepower Controller 

All intended application of firepower both organic 

and  external  will be controlled through this subprogram. 

Decisions by  leaders with respect to  control and distri- 

bution of fires will be made within the  controller of 

this program.    Detailed execution of the  firing to include 

assessment of effects will be concluded  in the detailed 

firing models subordinate to the controller.    As  a mini- 

mum  the following separate firing models will be required: 

Direct fire dismounted. 

Direct fire mounted. 

Indirect fire. 

Air to ground. 

Ground to air. 

A single casualty assessment model would be en- 

tered following each  engagement to assess the effective- 

ness of the  fires and adjust the status  of forces matrices 

as appropriate. 

Combat Service Support 
Controller 

The   controller portion of the subprogram  will be 

concerned with the development  and execution of decisions 

by appropriate leaders with respect to the distribution of 

supplies.    The detailed models  subordinate to the  con- 

troller will actually effect the resupply at rates appro- 
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priate to their capabilities.    Capabilities will be 

modeled at  the appropriate level for each  of the classes 

of supply of interest. 

Combat Operations 

"In their broadest sense, the terms  'offense'  and 

'defense'   include the  entire range of tactical opera- 

tions."1       This reference would   imply that it is suffi- 

cient to model one force as the   attacker  and the opposing 

force as the defender.     Indeed -this is true except   for 

the peculiarities» with respect  to computer operations, 

of the type encounter classified as the meeting engage- 

ment.     In this type of   encounter the critical and con- 

founding factors are the simultaneous maneuver of "both 

forces and the characteristic relatively  close range vio- 

lent   exchange   of fire.     In this   situation,  for some rela- 

tively short period of  time,  both forces  are attacking. 

After some time interval one force will become an attacker 

while the other performs some defensive action.     Objec- 

tives are normally changed from  those   originally intended 

and the battle continues,    The executive  routine must be 

capable of dynamically  assessing the situation and  direct- 

ing a course of action.    User intent (to  execute a meet- 

ing engagement)  can be   introduced by a flag in the   form 

1 Department of the Army.    ?M  10O-5 Operations of 
Army  Forces in the Field.   (September 1968)  9.  6-1 
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of an  integer variable   (MEET)  being set to  1 to refelct 

a meeting engagement or  0 for otherwise normal operations. 

Administrative  Control 

The executive routine must control the beginning 

and ending of the operation as well as providing a de- 

tailed history  of the battle and   data for  development of 

measures of effectiveness.    The executive routine must 

contain provisions for storage of the history, providing 

interim summary data at preselected points of analysis 

and terminating the simulation,  providing a concluding 

summary at the   appropriate time. 

Conclusions 

A pictorial representation of the Phase B expan- 

sion to this point is presented in Figure 23» It should 

be no-ted that the distinguishing feature of this Phase B 

expansion is its detailed tactical logic but void of the 

characteristic  FORTRAN  IV programming language. 

PHASE C  EXPANSION 

This last phase  of the executive routine expansion 

bridges the gap between the tactical logic reflected in 

Figure 23 and the computer programming requirements  of 

FORTRAN IV.     This development  is  necessarily tentative at 

this point in time because the final program will reflect 

changes required by the   detailed  development and Integra- 
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tion of the major subprograms referenced.    This expan- 

sion should serve to illustrate how the program can he 

compartmentalized to permit simultaneous  development of 

major subprograms once a tentative framework: has "been 

developed here.    This portion of the report will provide 

that minimum essential information required to support 

this  independent development effort and to illustrate 

the form of detailed documentation required to adequately 

prepare the final program.    This executive routine  is 

similar to that which exists  in. the ASARS Battle Model. 

Appendix B contains the   detailed Phase C expan- 

sion sheets,   system flowchart diagram,  computer listing 

and  demonstration exercise.    Detailed information  re- 

quired and returned at each subprogram call are discussed 

in the appropriate portions of  Chapter V. 

CONCLUSIONS 

This  chapter has presented the detailed develop- 

ment of the executive routine of the combined arms model. 

A type task force,  intentionally complex,  was used as a 

vehicle for selecting a method  of program control.     The 

form described was Event Sequenced Time Constrained with 

a level of resolution to the Squad/Tank/Aerial/Platform/ 

Crew Served Yfeapon Level.     The ASARS Battle Model   was 

used as a vehicle to discuss the operations,   in general 

terms, of large scale   computer  simulations and describe 
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requirements  for both the development of  the executive 

routine and documentation supporting the  entire program. 

With this information as a point of departure the   three 

phases of development  (A through C)  were presented to 

describe the program's development,   documentation  and 

execution. 



CHAPTER V 

MODEL DEVELOPMENT REQUIREMENTS 

INTRODUCTION 

This chapter will take  each of the major subpro- 

grams described in the executive routine  and expand the 

discussion of each.    Existing programs which support the 

subroutine functions of interest will be reviewed   and 

their integration, where appropriate,  will be described. 

As required,   research and/or development needs will be 

identified and an approach to this development effort 

will be presented. 

ENVIRONMENT DESCRIPTION 

Terrain 

Representation of terrain.    Realistic terrain 

representation has been described as one   of the major 

deficiencies  of many existing operational models.     Since 

I965»   the DYNTACS program concept,   significant  advances 

in this field have been realized.    Perhaps the ultimate 

in realistic representation has been achieved by the SIAF 

reconnaissance program.    This program describes a  contin- 

uous  surface  by generation of a polynomial description of 

120 
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a grid square.    Although this method provides a very real- 

istic representation of relief  it is quite expensive with 

respect to computer storage capacity and  running "time.    A 

somewhat less precise yet relatively high approximation 

of terrain has been realized by the DYNTACS family of 

models which generates planar surfaces in the form of tri- 

angles made up of £ of a grid square.    Additional  poten- 

tial has been provided these systems of representation 

through the Defense Mapping Agency (DMA)   digitized map 

series.    A program to convert the digitized data into a 

more  compatible FORTRAN IV program has been developed 

which facilitates quick loading of different geographic 

areas.      The resolution of terrain is dictated by  eleva- 

tion data available from DMA. at  6.25 meters and any mul- 

tiple thereof.    This relief data describes what will be 

called Macro terrain.     The ASARS Battle Model uses these 

techniques to  input the required Macro terrain.    Once  the 

raw elevation data is  input there is a need to divide  the 

rectangle of  desired resolution by a diagonal to form a 

triangle and thus increase the capability of generally 

describing relief as a tilted planar surface.2    The ASARS 

U.S.   Army Combat Developments Command,   System 
Analysis  Group.  TR 2-73> Automated Preparation of  Digital 
Topographic Data    (Fort Belvoir,  Virginia! February 1973) 

2 
Daniel Howland and Gordon M.   Clark,  The Tank Weap- 

on System - Annual Progress Report,   June   1966.    Department 
of Industrial Engineering,  The Ohio State University. 
(Columbus,  Ohioi  June 19o6)  Chapter 3. 
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Battle  Model program has  an acceptable program for the 

Macro terrain except for  its manner of assigning the  diag- 

onal direction which will describe  the triangular plane. 

The ASARS Battle Model assigns the direction of this  diag- 

onal {upper left to lower right vs. upper right to lower 

left)  randomly.     It is suggested that this  assignment pro- 

cess should be  logical rather than random.     A program 

should be applied in a preprocessor which compares the 

four corners of a grid square and draws a diagonal between 

the opposite corners with the least absolute difference in 

elevation.    This will cause the major apparent variation 

in elevation within a grid square   to be approximated with- 

in the  surface  of two planes. 

The presentation of Macro  terrain takes the   ini- 

tial first step  in representation  of the terrain and will 

adequately treat elevation and slope.     Minor variations 

in surface elevations as well as vegetation and soil  com- 

position are also relevant and must be treated.     This 

treatment is called Micro terrain.    The ASARS Battle  Model 

in conjunction with the SIAP program offer  an acceptable 

manner of micro  terrain treatment.    The vegetation and 

surface condition treatment by the ASARS Battle Model 

applying the classes of vegetation documented in the  SIAF 

program should be used. 

Terrain Cover.     The determination of the potential 

of intervisibility between two points on the battlefield 
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is a basic type of subroutine which will be required by 

several other programs.    Due to its frequent use,   this 

program,   like the following vegetation cover routine, 

should be  in the  executive routine primary call area. 

The ASARS Battle Model has an excellent terrain cover 

subroutine,   XLOS,  which should be used. 

Vegetation Cover,    This subroutine must be capa- 

ble  of determining the potential for intervisibility 

between two points on the battlefield in consideration of 

vegetation.     The ASARS Battle Model subroutine, VLOS,   does 

the  best  job of making this determination in the  field. 

The DYNTACS  and SIAF programs,   having a most advanced 

treatment of terrain,   consider a woodline as opaque.    The 

ASARS Battle Model VLOS subroutine  considers the  probabil- 

ity  of penetrating the woodline as  a function of  the SIAF 

classification of the  vegetation.    The ASARS Battle Model 

VLOS subroutine should be  used. 

Weather 

In addition to Terrain and status of forces 

reported on earlier, the weather data will be required by 

a large number of subprograms. The SIAF program has gone 

to great lengths in modeling weather. The SIAF level of 

detail is necessary for the SIAF program but would be too 

expensive for use in terms of storage and running time in 

the  Combined Arms Model,    A scaling down  of detail has 
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been developed for integration into the A3ARS Battle Model 

and this program should be used in the Combined Arms 

Model,       This program adjusts factors used in the   intel- 

ligence function in response to weather  and light data 

to give the program a day, night and all weather   capabil- 

ity. 

INTELLIGENCE 

This  is the area that will require a major re- 

search and test effort in support of the program.     One  of 

the major subordinate  elements  of the intelligence func- 

tion, Target Acquisition,  has been identified by  a select 

DA level Models Review Committee as an area of research 
h 

deserving first priority of effort. Detailed and accur- 

ate modeling of this function is a prerequisite for suc- 

cessful modeling of the other functions due to their de- 

pendence on intelligence for information. This modeling 

effort should be started early in the program as it will 

require the greatest development time and should concen- 

trate on the areas described below. 

-'U.S.  Army Combat Developments Command, Infantry 
Agency.     Feasibility of Modeling Operations Under Condi- 
tions of Reduced Visibility in the ASARS II Program. 

(Fort Benning,  Georgia» February 1973) 
L 
Department of The Army.    Review of Selected 

Army Models.   (Washington,  D.  C.  May 1971), p.  VIII-7. 
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Target Acquisition 

General.     It  is highly desirable to  develop a 

target acquisition subroutine which will model the acqui- 

sition process for all elements on the battlefield.     If 

this proves   infeasible then the principle determinants of 

acquisition must be consistent  across specialized subrou- 

tines.     The  target acquisition, studies completed  by the 

Human Resources Research Office (HUMRRO)   in support of 

the A3ARS II Study Program successfully  identified the 

significant variables, affecting target   acquisition.     The 

HUMRRO study identified these variables  as:   Obscuration, 

Range,  Target Speed,   Contrast  and Illumination,-' 

Target Acquisition.    The problem at hand   in the 

field of target acquisition is  no longer one of knowledge 

but   instead  one of integration,  aggregation and valida- 

tion.    A number of specialized  studies have expanded the 

field of knowledge in varying detail for each  study.    The 

need exists  to integrate these  efforts,   expand the acqui- 

sition process to reflect acquisition of units in addition 

to   single elements and finally to validate the resultant 

mathematical relationships.    The Intelligence  subprogram 

will be provided necessary information with respect to 

^U.S.  Army Combat Developments Command.     ASARS  II. 
Second In-Process Review,  15-16 December 1971,  After 
Action Report.     (Fort Benning,   Georgia»   22 December 1971) 
p.   4-J.   39. 
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intervisibility,  light conditions and weather factors "by 

the executive routine.     The following constitute a recom- 

mended source  of information from which to initiate the 

integration effort: 

Man vs.  Mans 

Man vs. Vehicles 

Vehicle vs.  Mans 

Electronic Acquisitions 

ASARS  II Study 

outline,  to be 

distinguished from 

the currently ex- 

isting model. 

SIAF - Reconnais- 

sance Model. 

ASARS  II,   SIAF, 

DvNCO?\   DYNTACS-X. 

DYNCOM,   DYNTACS-X. 

ASARS  II Battle 

Model, 

Electronic Surveillance.     This portion of  the 

intelligence   subprogram should provide for the dynamic 

development and direction of a battlefield electronic 

surveillance plan.    The model should concentrate on the 

electronic warfare,  radar and sensor means of acquiring 

information as well as consideration of electronic  coun- 

ter-measures  and electronic counter-counter measures. 

The program should be capable of accepting all types of 

existing and  developmental systems to present an inte- 
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grated electronic battlefield surveillance plan.    Although 

some work at modeling systems has been accomplished, the 

dynamic surveillance plan development will necessarily 

be new. 

Aerial Surveillance.    This capability must be 

modeled in such a manner as to support the S-2 developed 

collection plan.    This means of surveillance has been 

singled out because of its internal complexity and rel- 

atively high contribution to the overall collection ef- 

fort.    The aerial surveillance routine currently used in 

the DYNTAC-X   (DYNCOM)   program should be expanded to  in- 

clude tactical Air Force capabilities as well as Army 

Aviation fixed wing capabilities. 

Aided Visual.     The recent advent of sophisticated 

equipment enhancing the individual's acquisition capabil- 

ity in both day and night operations required added empha- 

sis in this model development effort.    The affects of 

these aids can be integrated into the existing acquisi- 

tion routines by adjustment of factors which determine 

the probability of acquisition.     A framework of the logic 

recommended is presented in a concept for the modeling of 

6Clark and Hutcheson, ^^gd"lM^
fog?1g?era" 

tions Module(DYNCOM Documentation)   IColumDus, Ohio. 
May 1971). 
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combat under conditions  of reduced visibility.'     In this 

study a target's relative contrast was increased to rep- 

resent the use of a hypothetical  thermal viewing device 

with  its theoretical foliage penetration capability. 

MOBILITY 

General 

This subroutine will dynamically select a route 

for movement,   formation and maneuver unit   composition and 

scheme of maneuver.     Given these  leader-directed actions, 

control will pass to a movement  submodel which will ac- 

tually move the relevant elements on the battlefield in 

accordance with the plan developed.    Three of these  actions 

have  been extensively modeled and are readily available. 

The fourth,  dynamic maneuver,  has not yet  been adequately 

modeled,  however,   the decision logic necessary for   its 

development is readily  available   in published doctrinal 

manuals. 

Dynamic Maneuver.     The combat maneuver unit will 

take prescribed actions with respect to maneuver,  depen- 

dent upon a given set of input conditions.    As a function 

of maneuver unit,   level of command and number of subordi- 

7 
'U.S.   Army Combat Developments Command,   Infantry 

Agency.  Feasibility of Modeling Operations Under Condi- 
tions of Reduced Visibility in The ASARS  II Program. 
(Fort Benning,   Georgia«   February 1973).   p.   4-B-1. 
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nate maneuver units available a finite number of maneuver 

options will exist.    The course to be  followed  in this 

new modeling effort is to wargame the task force described 

in Chapter IV and define the options available  to a given 

level of command for all possible conditions«     Branching 

on these situational factors should then lead "to reorgan- 

ization of maneuver units based upon the accepted response 

to the situation.     This branching will have to  be force 

oriented to account for variations in tactical   doctrine 

between red and blue forces«.    Although this  development 

effort is new,  the  magnitude  of effort required is con- 

sidered less than that required for the acquisition effort. 

The DYNTACS model with selected dismounted maneuver con- 

siderations from the ASARS Battle Model should  be the 

point of departure.    The force oriented movement logic of 

the SIA? program holds great  potential for solution to 

this overall dynamic maneuver problem. 

Route Selection. Upon specification of maneuver- 

unit composition a route for the unit's movement must be 

selected. Both the DYNTACS and ASARS programs have com- 

parable selection logic and either may be used. This pro- 

gram will make extensive use of the intervisibility rou- 

tines in the executive routine call level. 

Formation Selection 

The selection of a formation should follow the 
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maneuver scheme and route selection process.    The ASARS 

Battle Model has expanded upon the DYNTACS formation 

selection logic and is preferred.    Considerations of 

terrain,  visibility, known threat and fire control must 

be integrated. 

Movement 

A movement model will be entered by every element 

scheduled for a movement event.      The  existing movement 

model in the ASARS  and DYNTACS models  is considered ade- 

quate with the addition of rate of movement degradation 

factors considering soil configuration and light condi- 

tions. 

FIREPOWER 

General 

This portion of the model requires a major model- 

ing effort.    The controller of this function will dynam- 

ically generate firing assignments for subordinate ele- 

ments and control the fire of these elements.     The Fire- 

power Controller will route the current element to one of 

five subordinate execution models where the actual firing 

of the appropriate  systems will be undertaken.     Finally, 

after each engagement, or when assessment of effects is 

called by the executive routine as a special event, con- 

trol will pass to an effects  model,   called the  casualty 

assessment model. 
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Firepower Controller 

This subprogram will be entered only by current 

elements  in leadership positions and will represent the 

thought process of the leader in considering the dynamics 

of the situation at any point in time and generating fir- 

ing orders and control to subordinate levels of command. 

The ASARS  Battle Model, FCONTR,  has excellent basic 

leadership logic which should be expanded to include the 

other weapons systems not treated in ASARS but required 

in the combined arms model. 

Execution Models 

Direct Fire Mounted/Dismounted.    A specific  execu- 

tion model will be entered by the type of weapon being 

fired.     The appropriate execution submodel will use the 

environmental factors available from the executive routine 

level of call as input to one or more Army Material Command 

basic models.     The Weapons Command Technical Note RDR-TN3- 

72 should be used to initially guide selection of the 
o 

appropriate model to be incorporated.      Some of these mod- 

els will have to be modified to insure that the  distribu- 

tion of casualty-producing affects about the target area 

are adequately presented.    This general term of   "casualty- 

8U S    Army Weapons Command. A Survey or  RD&E Mathe- 
matical Model«/Hoirmuter P^^ms In the U.S. Army Weapons 
Command TN3-72 by Capt.   Richard K.  Mousnegian and Tonney 
H.   H.   Hung.   (Rock Island,  Illinois: April 1972;. 
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producing affects"  is intentionally used to permit the 

introduction now,  or at some future time,  of weapon sys- 

tems that employ other than the conventional kinetic en- 

ergy transfer means of producing casualties.    If some 

form of radiation from a nuclear weapon or effect from a 

chemical weapon is to be assessed,  the concentration of 

the casualty producing agent  in the target area must be 

quantified.    Further, the distribution of the more conven- 

tional fragments in the target area must also be known to 

support subsequent assessment of suppression and casualty 

production.    In all cases the proven WECOM models should 

form the basis for the development effort.    This require- 

ment is further evidenced due to need for input data to 

support a model selected. 

indirect Fire.    The  indirect fire systems will have 

to be explicitly modeled in a level of detail compariable 

to the mounted/dismounted direct fire  systems.     This is 

a necessary prerequisite as a major anticipated applica- 

tion of this program will be  trade off analysis between 

and within direct/indirect fire systems.    The integration 

of the DYNTACS-X artillery and counter-battery models 

should adequately cover this  area. 

Hrto Ground.    Each  of the two ship systems (Army 

and Tactical Air)  described in Chapter IV will have to be 

modeled at a level of detail comparable to the other 
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execution models for the same reasons of trade-off analy- 

sis stated  earlier.     The DYNTACS-X aerial platform subrou- 

tines provide the logic necessary for use in this program 

but should  be expanded to  include the selected capabilities 
Q 

of the Aerial Weapons Effectiveness Simulation (AWES). 

Ground to Air.    To provide the proper balance on 

the battlefield,   air defense  operations must also "be mod- 

eled at a level of resolution comparable to the  other sys- 

tems.    The  DYNTACS-X air defense models  are considered ade- 

quate and can be simplified for inclusion in the  model. 

Air to air engagements should not be necessary and may be 

excluded from the program. 

Effectiveness Assessment 
Models 

General.     The effectiveness assessment models must 

be  capable of taking the output of the  execution programs 

and assessing the effectiveness of the  fire in terms of 

suppression and casualty production.    As the need existed 

in the execution programs to treat weapon systems individ- 

ually,  the need exists in the  assessment programs to eval- 

uate effectiveness on a common hase. 

Suppression.     The further research into   the 

o 
'Combat Operations Research Group. Aerial Weapons 

Effectiveness Simulation (AWES). (Fort Belvoir, Virginia: 
November 1968) 
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phenomenon of suppression was  identified by the select 

Models Review Committee as one of the six areas warranting 

priority effort.        Significant research into this phenom- 

enon has been accomplished in support of the ASARS study 

effort and is reported on in the form of two heavily docu- 

mented final reports by Defense Science Laboratories of 

Litton Systems Inc.        A significant benefit was  gained 

by having the same research organization complete this 

study effort.    A comparable treatment of suppression across 

a wide band of representative   systems was generated.    The 

integration of this study effort into the ASARS Battle 

Kodel is not yet complete,  however,  the logic for such an 

integration is presented in a draft pamphlet published by 

the Infantry Agency of Combat  Developments Command entitled 

Concepts for Integration of Suppression and Casualty Assess- 

ment Into the ASARS  II Battle Kodel.12 

Department of the Army.  Review of Selected Army 
Models (Washington,   D. C.   May 1971).  p.   VIII-7. 

11S.A. Kishnick and J.O.  Duffy.     The Identifica- 
tion of Objective Relationships Between Small ArmsFire 
Characteristics and Effectiveness of Suppressive  Fire. 
(Litton Mellonics, Sunnyvale,   California« April  1972). 

Ralph P.   Winter and E.  Robert Clavis.    Relation- 
ship of Supporting Weapon Systems Performance Character- 
istics to Suppression of Individuals and Small Units. 
(Litton System Inc.,   Sunnyvale, California! 31 January 
1973). 

12 Concepts for Integration of Suppression and 
Casualty Assessment  Into the ASARS II Battle Model (Draft). 
USACDC Infantry Agency (Fort Benning, Georgia» March 1972). 



135 

Casualty Assessment.    A common factor across 

weapon  systems causing casualty production must be sought 

to enable the common assessment of  casualties in support 

of earlier referenced trade-off analysis.    A concept 

suggesting kinetic energy transfer  as this common thread 

has been proposed and the  logic of  its development out- 

lined.     Although the concept appears feasible it will 

require  extensive revision of the AMSAA data base  and 

further  testing to gather  empirical data.    The develop- 

ment of a common method of casualty assessment is critical 

to the   successful analytic trade-off of systems and should 
12 be pursued as required. 

COMBAT   SERVICE SUPPORT 

The task to be undertaken  in this subprogram  devel- 

opment  is that of integrating logic which will accomplish 

the re supply of  ground forces through both ground and 

aerial  means.     Programs exist which explicitly model  the 

movement of supplies to the battlefield area by either 

ground  or aerial means.     The logic to represent a battal- 

ion level supply action in a hostile environment will be 

required,    It is envisioned that supply•  maintenance   and 

medical elements v/ill he   dynamically moved  in the rear 

portions of the  battlefield areas  performing their prin- 

cipal functions.    These  elements must be moved in such a 

manner that their realistic capabilities can be repre- 
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sented while they are subjected "to acquisition and  engage- 

ment by the opposing forces.    Re supply and/or replacement 

will be accomplished by the updating of status of forces 

arrays in the  executive  routine.     The programs developed 

in support of the Airlift Simulation Study * and the 

Analysis of Opportunities for the Reduction of Tactical 
Ik Vehicle Requirements Through Pooling Study     should be 

simplified to represent battalion level force capabilities 

from the battalion/task force rear boundaries forward. 

These programs  can in turn be used to generate input data 

to the combined arms models. 

The combat engineer functions in the areas   of 

barrier construction and breaching should be modeled with 

a level of detail comparable to   the supply and mainten- 

ance  elements.     Time and resource dependent rates of con- 

struction should be dynamically  determined as a function 

of existing conditions  to include hostile   action.   ^ 

In actual combat situations, reserve forces, com- 

bat support and combat   service support units make pro- 

■^U.S.  Air Force Airlift Simulation Study.   Pro- 
grams Description and User's Manual (Langley Air Force 
Base,  Virginia: February 1969) 

14 Research Analysis Corporation.   Analysis  of 
Opportunities For The Reduction  of Tactical Vehicle 
Requirements Through Pooling.     (McLean, Virginia!  April 
197D. 

^Combat Operations Research Group, The Construc- 
tion Submodel  For The Service Support War  Gained   {Port 
Belvoir,  Virginias  30 May 1967). 
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vision for rear area protection (RAP).    RAP is a function 

that is normally accomplished on  an area basis and on 

occasion requires the allocation  of combat power in the 

form of combat maneuver units.    The RAP mission includes 

rear area security and damage control activities at  the 

combat battalion/Task Force level.    At this level the rear 

area of the unit requiring RAP isf through design,   small. 

Despite its relatively  small area of application the nec- 

essity of this function often significantly inpacts  on the 

overall unit combat effectiveness.    Significant factors 

required for modeling this function,  as well as their 

interaction,  are described in the Rear Area Protection 
16 Submodel For The Service   Support tfar Game. 

Command,  Control and 
Communications 

This subprogram calls for the detailed modeling 

of each of the staff functions described in Figure   23 (page 

*0   of Chapter  IV.    The   explicit   modeling of the staff 

functions for purposes  of use in a combat  simulation has 

not been attempted.    The first,   and to date most confound- 

ing,   problem associated with this or any related modeling 

effort is the  detailed  description of the  system.     This 

all important  first step has been taken in the Tactical 

Combat Operations Research Group.    The Rear 
Area Protection Submodel For The Service Support War 
Game.     (Fort Belvoir,   Virginia»   14 March  196?). 
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Operation System (TOS)   and Integrated Battlefield Control 
17 System (I3CS)   Study efforts, The processing of elements 

through these  staff functional areas will require time 

assessments  for the  staff functions.    Data necessary to 

support this assessment  of time for a variety of Tactical 

Operations Center  (TOC)   configurations  is required.     Data 

of this type has been collected by project MASSTER   in 

support of the TOS/IBCS testing program dating back to 

CPX 3A-D conducted at Fort Hood,   Texas  in 1970-1971. 

The  decision-making process is  identical to  that 

well documented in any good textbook addressing the   sub- 
1S ject  of decision analysis, The eleventh military opera- 

tions  research  symposium convened in Durham, North Carol- 

ina in the spring of 1972 devoted four full days to  the 

subject of Risk Analysis and provides additional  special- 

ized  information that will be needed for modeling this 
19 area.   7 

17 U.S.   Army Combat Developments Command,   Institute 
of Combined Arms and Support.     Refinement  of the  IBCS 
Concept,   IBCS Phase  I.   (Fort Belvoirr  Virginia«  April 1971). 

18 Howard Raiffa, Decision Analysis  (Massachusetts: 
Addison-Wesley July 1970). 

lo ̂Department of the Army.    Offices of the Chief of 
Research and Development.    The Proceedings  of the U.S. 
Army Operations Research Symposium.  15-18 May 1972. 
(Durham,  North Carolina) 
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MANAGEMENT 

The management organization, perhaps more than the 

technical problems to be faced, can dictate the feasibility 

of such a modeling effort.    The technical problems are 

relatively simple in comparison to the understanding by 

the analysts of the phenomena being modeled.    Although the 

program has intentionally been broken down  into a series 

of more manageable, relatively independent,   subprograms 

for possible contract effort, the  integrating body must 

be made up of qualified  combat arms military operations 

research qualified personnel.     This management body with 

a single qualified program manager must be  retained   in- 

tact for the duration of the project.     This point cannot 

be overemphasized.    Retired military personnel are not 

adequate since  the program requires detailed recent   exper- 

ience.     The analysts involved in the Program Manager • s 

Office must be proven, qualified combat arms leaders. 

These  men should then have been educated in the technical 

science areas required for the program.     If the program 

cannot be developed exclusively by the military analysts 

previously described then contractual effort for portions 

of the program to private corporations who  have demon- 

strated proficiency in specific fields is a viable alter- 

native . 
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CONCLUSION 

The overriding  conclusion that  should be  drawn 

from this chapter is the fact that little   in the  devel- 

opment effort of this model is truly virgin territory. 

Consider able research has already been accomplished in 

each of the areas needed,    These  developments, as noted 

by the references!  are relatively new and have succeeded 

in closing many of the data and development gaps iden- 

tified by the  select Model Review Committee. 



Chapter VI 

CONCLUSIONS 

GENERAL 

Although the need for a "battalion level combined 

arras stochastic simulation was not extensively supported 

in Chapter I, the subsequent analysis repeated reference 

to existing problems being faced by the Army in the area 

of material acquisition and force structuring has demon- 

strated the critical need for such an operations research 

systems analysis tool, The potential application of such 

a tool has been described in Figure 1 of Chapter I. 

The hypothesis  that the bulk of the technology 

required for such a model development exists and that 

this technology can be   integrated through  an executive 

routine has been established for  evaluation.     The remain- 

der of this research effort then  concentrated on establish- 

ing criteria for evaluation of portions of this hypothesis 

and to guide the theoretical development of a model.    The 

major  areas requiring evaluation for proper testing of 

the hypothesis were identified asi 

Feasibility of  describing the Battalion/Task Force 

system in sufficient detail to enable modeling. 

Feasibility of measuring  the effectiveness   of 

141 
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units through  a combat  simulation that could relate to 

actual organizations• 

Suitability of existing programs to accomplish 

the purpose. 

Feasibility of developing an executive routine 

that  could integrate desirable aspects of  other models. 

Identification of areas requiring additional 

research effort and specification of a methodology to 

accomplish the research and associated development  effort. 

DESCRIPTION OF THE   SYSTEM 
AND MEASURES OF 

EFF3CTIVENESS 

Chapter II has  demonstrated that the system of 

interest can be described at  a level of detail necessary 

to permit modeling.    Measures of Effectiveness were devel- 

oped which would support the methodology presented  for 

the conduct of a type study.     These measures were used 

to conduct subsequent analysis of existing programs.    The 

conclusion to be drawn at this point is that the system 

can be described and measured in adequate  detail to 

accomplish the objective of a type study presented  in 

Figure 1. 

EXISTING PROGRAMS 

Chapter III served as an in-detail review of a 

number of relevant programs.    This chapter serves as a con- 

venient compendium of models with potential application 
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to the type of combined arms evaluation described list- 

ing the strengths and weaknesses of each program.     This 

chapter has enabled the conclusion that many highly- 

specialized programs in support   of specific studies exist. 

[These normally model specific functions of combat for 

particular units of interest in  great detail.    With minor 

exceptions,  virtually all the functions of land combat 

at approximately the level of organization of interest 

have  been successfully modeled.     Although these programs 

are highly  specialized  they do support the development of 

a combined arms model.     The DYNTACS family of models are 

major contributors to this effort.    A detailed list of the 

DYNTACS related documentation with DDC control numbers is 

at Appendix C. 

EXECUTIVE ROUTINE 

An existing model,   the ASARS Battle Model,   was 

intensively analyzed to describe  the logical require- 

ments  of an executive routine.     Centering  on the functions 

of land combat, and in recognition of the   desirability of 

using existing programs, an executive routine was used as 

a vehicle to present a method and detail of documentation 

required in the program development.     The   executive rou- 

tine  was developed and  its execution demonstrated.     The 

executive was built in  a manner which enables independent 

development of subordinate routines providing interface 



11* 

• between programs through the executive routine,    This 

demonstration  leads to  the  conclusion that an executive 

routine of the type which would be required for a com- 

bined arms model is technically  feasible. 

ADDITIONAL RESEARCH 
AND DEVELOPMENT 

With the exception of four areas,   significant 

additional research and development effort in support of 

the combined arms model is not needed.    These four  areas, 

in an expected order of difficulty,  arei 

Acquisition and Surveillance 

Casualty Assessment 

Command and Control {to   include staff functions) 

Dynamic Maneuver 

In each of these cases either a methodology has 

been  presented or referenced which should  be used in 

satisfying requirements.    The  ability to identify these 

problems as well as a concept for their reduction indi- 

cates  that their solution,   in at  least a rudimentary sense, 

is within the   state of  the art. 

CONCLUSION 

It is  concluded that the  development of a battal- 

ion level combined arms stochastic simulation is within 

the state in existing technology. 
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RECOMMENDATIONS 

It  is  recommended that Department of the Army 

undertake the  development of a contained arms battalion 

level stochastic simulation.    Approval and implementa- 

tion  of the following specific recommendations will 

enable this program to be undertaken« 

1. Designation of the developmental effort as 

a 5 year independent study effort to be completed in 

three phases. 

Phase I - Expansion of existing methodology to 

include preparation of requests for contract proposals 

and awarding of contracts.     (Duration 1 year) 

Phase   TT - Contract completion and integration. 

Model  completed and demonstrated.     (Duration 2 years) 

Phase  III - Model Validation through field  experi- 

mentation and  sensitivity analysis.     (Duration 2 years} 

2. A project manager with a staff of 5 qualified 

military officers be assigned the project for the entire 

duration of the effort.     The project manager should be 

responsive  to  DA Staff level and have access and funds to 

integrate Army wide resources toward accomplishment of 

the objectives.    Adequate programming and  secretarial 

support will be required. 

3. Priority for use of a CDC 660O type  computer 

be assigned to the project.     (A  CDC type computer is 

recommended based upon its current availability to  the 
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Army R&D community,     It  is anticipated that work with the 

ASARS,  DYNTACS  and SIAF programs   could well exceed the 

internal storage capacity of the   CDC 6600.     Other computers 

have  demonstrated faster operation of large programs of 

this  large  size and foster a preference  for use of a 

large  third generation IBM or at   least the  CDC 7600  with 

a capacity of approximately 1.3M Bytes), 

4. Contract funds be allocated to the project to 

permit contractual effort in the  four major areas requir- 

ing additional research and development.     It is estimated 

that  contract  efforts should he approximately $500,000 

over the five  year period concentrated  in the second  and 

third  years, 

5. For purposes of evaluating the  effectiveness 

of the development effort a specific study objective,  of 

those   offered  in Figure  1 of Chapter I,   should be assigned 

to the project.    The statement of work  should assign the 

project a specific objective however care must be exer- 

cised to  insure that the objective does not compromise 

the general nature of the project. 
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Appendix B 

Phase C Expansion Documentation 

The purpose of this appendix is to present the 

detailed documentation required to  support "the phase  C 

expansion,    This appendix presents the recommended 

documentation detail considered essential to insure 

comprehension by model users as well as facilitating 

integration of  the model and modification to the pro- 

gram as necessary. 

The  first significant documentation is a listing 

and definition of variables used in the program,     In 

addition to the  definition of the  variable,   input related 

comments are included as appropriate.    This  listing for 

the executive routine under development  is presented  in 

Table  B-l. 

The  actual phase C expansion is accomplished  in 

three  column tabluar form.    The first column contains 

the FORTRAN  IV programming chart.     The second column 

explains the function of the program in column 1 while 

the third column explains variables introduced for the 

first  time and peculiarities of inputs related again to 

the portion of  the system chart in column 1.    The numbers 

at the upper right hand quarter of the symbol in column 1 

facilitate reference to  the Phase A and B expansion as 
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well as assisting the explanation  and Input  discussion 

in the remainder of the chart.     This detailed expansion 

is presented in Figure B-l. 

The  third item in this phase of the  expansion is 

a system flowchart.    This chart presents in pictorial 

form the execution logic  of the program  in FORTRAN IV. 

The system flowchart  is presented  in Figure B-2. 

The last item in this documentation package is a 

program listing.    As a minimum this portion of the docu- 

mentation should include the listing which has been 

accepted and compiled by the computer.     In this particular 

case the program listing has been expanded to include 

dummy  subroutines and data to demonstrate the operation 

of the program. 



Table B-l 

Variables Used in Executive  Routine 
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Name Definition Input Note 

BATKA.X 

CLOCK(I) 

CLOCKA 

CLOGKB 

CLOCKC(K) 

CLOCKS 

Maximum time battle will 
be permitted to proceed. 

Individual clock time. 

Real simulation run time. 

Real simulation start 
time. 

Time projected by FCONTR 
for impact of next  artil- 
lery volley.    K is  index 
to indicate 1 for Side A 
and 2 for Side B. 

Event start time used for 
storage with respect to 
current element. 

indicate  that the current 
element is due to be pro- 
cessed as a casualty in 
this event. 

Input  in  sec- 
onds. 

Seconds-Set 
close to  zero 
initially. 

Initialize at 
zero. 

Scenario 
input. 

Initialize as 
1 second 
greater than 
BATMAX. 

N/A 

ELOCX(I) X coordinate of element 
I. 

Enter start 
point for each 
element. 

ELOCY(I) Y coordinate of element 
I. 

Enter start 
point for each 
element. 

I Element number of current 
element. 

N/A 

IDEAD Internal working flag to N/A 
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Name 

IPECT(K) 

ILEAD(I) 

Table B-l (continued) 

Definition Input Note 

Flag to route logic in 
FCONTR to assessment 
of artillery fire by 
Side K. 

Leadership level for each 
element. 

Leadership Level - 

0 None 
1 Fire Team Leader 
2 Squad Leader 
3 Machine Gun Crew 
4 Machine Gun Section 
5 Platoon Leader 
6 Mortar Gun 
7 Mortar Gun Section 
8 Mortar Platoon Head- 

quarters 
9 Artillery FO 

10 Company Commander 
11 Maintenance Section 
12 Supply/Admin.  Section 
13 XO 
Ik Command Tank 
15 Tank Section 
16 Heavy Tank Section 
17 Light  Tank Section 
18 Tank 
19 Redeye Team 
20 Redeye Team Hqs. 
21 Surveillance Team 
22 Surveillance Hqs. 
23 Scout  Section 
24 Scout   Section Hqs. 
25 Anti Tank Squads 
26 Anti Tank Headquarters 
27 Tactical Aircraft 
28 Tactical Aircraft Flight 
29 Army Aircraft 
30 Army Aircraft Plight 
31 Engineer Platoon 
32 Artillery Piece 
33 Artillery FDC 
3^ Artillery Maintenance 
35 Artillery Supply 
36 S-l 

Initialize as 
zero. 

Input from 
scenario. 
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Name 

Table E-l (continued) 

Definition Input Note 

37 S-2 
3S S-3 
39 S-4 
40 xo 
41 TACP 
42 Artillery LNO 
43 Aid Station 
44 Evacuation Section 
45 Maintenance Platoon 
46 Communications Platoon 
4? Support Platoon Hqs. 
48 Mess Section 
49 Supply Section 
50 Transportation Section 

INTFLC(I) Interrup-t flag for Command, Initialize at 
Control and Communications. zero. 

INTFLF(I) Interrup-t flag for Fire- Initialize at 
power . zero. 

INTFLG(I) Flag set in combat func- Initialize at 
tion subroutines to indi- zero. 
cate that an event was 
interrupted. 

INTFLI(I) Interrupt flag for Intel- Initialize at 
ligence. zero. 

INTFLM{I) Interrupt flag for Initialize at 
Mobility. zero. 

IPICK1 Counter to record calls Initialize at 
of FCONTR, zero. 

IPICK2 Counter to record calls Initialize at 
of current element's zero. 
normal processing. 

IPICK3 Counter to record calls Input at zero. 
for Interim Summary. 

ISTEPA Number of residual force Input at nu m- 
step  increments for in- 
terim analysis Side A. 

ber of   levels 
of RATAP de- 
sired.     Do not 
exceed  5- 



I6fc 

Name 

Table  B-l  (continued) 

Definition Input Zero 

ISTEPB 

ISW 

Number of residual  force 
step increments for 
interim analysis Side B. 

Working variable to in- 
dicate the type of pro- 
cessing required. 

Input at num- 
ber of levels 
of RATBP 
desired.     Do 
not exceed 5. 

N/A 

0 = Current element nor- 
mal processing. 

1 = Artillery inpact 
event. 

2 - Interim summary 
event. 

JACK Interim -working variable to 
select current element. 

N/A 

K Force  side indicator 
1 * A 
2 = B 

N/A 

KOUT Output mode identifies. Dependen-t on 
computer  sys- 
tem.     Normally 
= 6. 

LEMAN(I) Maneuver unit of ele- 
ment I. 

Dependent upon 
scenario. 

LWP Weapon code of current N/A 
element used as an 
internal working variable. 

LWPNC(I) The weapon code for each 
element.     This list will 
be similar to that; of 
ILEAD(I)   in that each 
unique combination of 
weapons by element group- 
ing must be separately 
indexed. 

MAXT(MODE) Maximum time length.per- 
mitted for each mode of 
the simulation. 

From Scenario. 

Seconds. 
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Name 

Table B-l  (continued) 

Definition Input Note 

MISION(KUN) 

KODE 

Mission assignment of 
each maneuver unit: 

1 = Attack 
2 = Attack Fire Support 
3 * Defense 
k = Security 
5 = Delay 
6 = Withdrawal 

Counter to reflect step- 
ping of simulation to one 
of three  levels of time 
constraint. 

Fron scenario. 

None. 

MUN Maneuver unit of current 
element. 

N/A 

MUNA Total number of maneuver 
units for Side A. 

Scenario. 

KUNB Total number of maneuver 
units for Side B. 

Scenario. 

m Element number of first 
element Side A. 

N/A 

MX Element number  of last 
element Side A. 

N/A 

MY First element of Side B. N/A 

MZ Last element of Side B. N/A 

NLD Leadership level of cur- 
rent element. 

N/A 

NMIS Internal variable  to 
record the mission of 
current element's maneuver 
unit. 

N/A 

NTOTAL Total number of elements 
in the simulation. 

Scenario up 
to 250. 

NUMA Total number of elements Scenario. 
on Side A. 
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Table B-l (continued) 

Name Definition Input Note 

NUMB Total number of element 
on Side B. 

Scenario. 

NW Maneuver unit number of N/A 

NX 

NY 

NZ 

RA 

RATA 

RATAP(ISTEPA) 

RATB 

RATBP(ISTEPB) 

RB 

first maneuver unit 
Side A. 

Maneuver unit number of 
last maneuver unit 
Side A. 

First maneuver unit 
Side B. 

Last maneuver unit 
Side B. 

Number of elements remain- 
ing on Side A.    Updated by 
casualty  assessment portion 
of FCONTR. 

Internal working variable 
to store  percentage of 
force A remaining. 

Criteria  for entering 
Interim summary of battle 
expressed as percentage 
of original force  A re- 
maining. 

Internal working variable 
to store  percentage of 
force B remaining. 

Criteria for entering in- 
terim summary of battle 
expressed as percentage 
of original force  B re- 
maining. 

Number of elements remain- 
ing on Side B.    Updated by 
casualty  assessment portion 
of FCONTR. 

N/A 

N/A 

N/A 

Set equal to 
NUMA. 

N/A 

Plan for 
analysis will 
dictate  points 
required. 

N/A 

Plan for 
analysis will 
dictate points 
required. 

Set equal to 
NUMB. 
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Name 

Table B-l (continued) 

Definition Input Note 

SA 

SB 

SUMTir" 

TIIVEK(I) 

TIMINT 

TMAX 

TMIN 

XLOC 

YLOC 

Number of elements on 
Side A that started the 
simulation, 

Number of elements on 
Side B that started the 
simulation, 

Time in seconds at which 
next interim summary is 
to be prepared. 

Time at which element I 
is scheduled to die. 
Set in casualty assess- 
ment of FCONTR. 

Desired time interval 
between Interim 
Summaries. 

Internal storage of max- 
imum event length due to 
mode constraint. 

Minimum time used for 
selection of next element 
for processing. 

X Coordinate of current 
element. 

Y Coordinate of current 
element. 

Set equal to 
NUM. 

Set equal to 
NUMB. 

Set equal to 
TDMINT 
normally. 

For all I 
initialize at 
large number. 

Dependent upon 
plan of analy- 
sis. 

Initialize at 
large number. 
= 1OO0O. 

Initialize at 
large number. 
-  1OO0O, 

N/A 

N/A 
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Figure B-2 

Executive Routine 
System Flow Chart 

_MIN*CIOCK(JACK 
'MAX*MAXT(MODE) 
I=JACK 
CL0CKS=CLOCK( 

JACK) 

® Page 1  of 8 pages 
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Figure B-2   (continued) 
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IPICK2=IPICK2 

WRITE 

IPICK2,I 

191 
Figure B-2 
(continued) 

44 1       12.1 

IPICK3=IPICK3 
+  1 

t 
I 

WRITE 

IPICK3, 
SUMPIK 
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CALL 

IKTSUM 

192 

124, 

Mtf=l 
MX=NUMA 
MY=NUWA +  1 
MZ=NUMA + NUMB 

fcüTE-rafWKTlMrm« 

1 2^ 
NW=1 
NX=MUNA 
NY=MUNA + 1 
NZ=MUNA + MUNB' 

nnz 

IFECT=0 

SUKTIM^SÜMTIK 

+  TIMINT 

*   12-10 

GO TO 25 

is. ÜJJ 

K—2 
MW=NUMA + 1 
MX=NUMA + NUMB 
MY«1 
MZ=NUMA 

■MM 
J14 

NW=MUNA + 1 
NX=MUNA + MUNB 
NY=1 
NZ=MUNA 

60 1 
J 

Figure   B-2 
(continued) 

M.7 
XL0C=ELOCX(T) 
YL0C=ELOCY(I) 
MUN=LEMAN(I) 
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® 
NMIS=MISION(MU|) 
NLD=ILEAD(I) 
LWP=LWPNC(I) 

Figure B-2 (continued) 

11.17 
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1011 

5NTFLM( 
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Figure B-2  (continued) 

f 

6L ■2U 

CALL 

FCONTR 

CALL 

CSSCTR 

6SL jyi 
RATA=RA/SA 

RATB=RB/SB 

L 

195 

® 
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Figure B-2 (continued) 

1006  y  ^2.12 
tATB.LE> 

r.RATBP(lSTEPS3l Y 

1007 \%>X\ 

GO TO 5 

^2.1» 

GO TO 45 
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APPENDIX C 

DYNTACS FAMILY REFERENCE DOCUMENTS 

THE TANK WEAPON SYSTEM 

Pate 

1963 Annual Report 

1963 Classified 
Annex 

1963 Progress 
Report 

1964 Tech, Report 

1964 Annual Report 

1965 Annual Report 
(ff) 

1965 Annual Report 
'   <S) 

1965 Tech, Report 

1965 Tech, Report 

1966 Annual Report 
(U)l 

1966 Annual Report 
(0)2 

1966 Classified 
Annex C 

Subject 

The Tank Weapon System 
(Howland and Bonder) 

The Tank Weapon System 

Vibrations of a Multi- 
Wheeled Vehicle (Buss- 
man) 

The Tank Weapon System 

The Tank Weapon System 

A Generalized lanches- 
ter Model to Predict 
Weapon Performance in 
Dynamic Combat (Bonder; 

Tanlc Mobility  in Soft 
Soils (Perloff) 

The Tank Weapon System 
(Howland and Clark) 

The Tank Weapon System 
(Howland and Clark) 

The Tank Weapon System 

DDC-AD# 

409899 

338373 

427793 

604693 

447494 

471302 

366070 

471300 

471301 

801900 

3150 

378607 
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8 Annual Report 
(U)l Sept.  1968 

•9 Annual Report 
Oct.  1969 

'>9 Annual Report 
Sept. 1969 

>9 Annual Report 
June 1969 

59 Annual Report 
June 1969 

$9 Annual Report 
Sept. 1969 

Sup.iect DDC-AD# 

The Tank Weapon System B50367 

The Tank Weapon System 864919 
(Bishop and Clark) 

The Tank Weapon System 864920 
(Bishop and Clark) 

The Tank Weapon System 864921 
(Clark and Moss) 

The Tank Weapon System 864922 
(Clark and Moss) 

The Tank Weapon System 864923 
(Bishop and Clark) 

THE LAND COMBAT MODEL 

1. Sub.iect DDC-AD# 

The  Land Combat Kodel 9095^0 
(DYNCOK)   (Bishop and 
Clark) 

To be published 

The Aerial Platform 887264 
Operations Module May 
1971 (Clark and Hutcher- 
son) 

DYNCOK Programmer's Man-     872508 
ual  (Clark, Parry, Hutch- 
erson. Rheinfrank, and 
Petty) 

DYNCOM Programmer's Man-     872508 
ual  (Clark, Parry, Hut eh- 
er son. Rheinfrank, and 
Petty) 

Classified Annex, edited     517^21 
■by Clark, Parry,  Rnein- 
frank (SECRET) 
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(Section I) 

(Section II) 

Subject DDC-AD# 

Counterbattery Fire 882877 
Models (Clark and 
Parry) 

Air Defense Operations 887265-L 
Models (Clark» Parry, 
Hutcherson and Rhein- 
frank) 

Air Defense Operations 887266-1 
Models (Clark, Parry, 
Hutcherson and Rhein- 
frank) 

Fire Support Operations        890443 
Models (Clark and 
Hutcherson) 

Fire Support Operations        889577 
Models TClark  and 
Hutcherson) 

Fire Support Operations        889628 
Models (Clark   and 
Hutcherson) 
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